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Brackish-Water Algae from the Hawaiian Islands’ 


IsABELLA A. ABBOTT? 


MARINE ALGAE FROM the Hawaiian Islands 
(in older literature, the Sandwich Islands) 
have been collected or studied by a few phy- 
cologists. Brackish-water species, however, 
although essentially marine in relationship, 
have not been systematically studied for this 
area. 

The present study of the brackish-water 
species was begun late in 1943, in connection 
with a survey co-operatively conducted by 
the University of Hawaii and the Territorial 
Board of Agriculture and Forestry, on fish- 
ponds bordering the ocean. At first, two 
ponds on the island of Oahu were selected 
for study. In the following year, however, 
more data and investigation of other ponds 
seemed desirable. Three additional ponds 
on Oahu and eight on the island of Molokai 
were selected and included in the survey. 
The study of algae, as well as that of animal 
life, was thus extended to include all these 
fishponds. 

It soon became apparent that the variety 
of algal forms present in the chosen ponds 
constituted so large a problem that it would 
be best to enlist the aid of certain special- 
ists. Myxophyceae were sent to Francis 
Drouet of the Chicago Natural History 


"Research Paper 7, Cooperative Fisheries Staff 
of the Territorial Board of Agriculture and For- 
estry and the University of Hawaii. Manuscript 
received February 28, 1947. 

*The author completed most of the work on 
this paper while on the Department of Botany 
staff, University of Hawaii, and finished the 
manuscript at the University of California, Berk- 
eley, with the aid of the excellent algal herbarium 


(cited as U. C. Herb.) and library at the latter 
institution. 


Museum and diatoms were sent to Paul 
S. Conger of the U. S. National Museum, 
where earlier collections of Hawaiian dia- 
toms are deposited. In the present report are 
included the bulk of the Chlorophyceae, and 
all Phaeophyceae and Rhodophyceae. 

In the course of this study, a preliminary 
account of some of these algae by J. T. 
Conover, made under the direction of G. F. 
Papenfuss at the University of California, 
was received. Since the majority of the spe- 
cies in the notes of Conover had already 
been determined, there was little in his ac- 
count that requires special mention here. 

The present writer reports 9 genera of 
green algae, 1 of brown, and 11 of red. The 
algae studied are in the writer’s herbarium; 
duplicate sets will be deposited in the her- 
barium of the Bishop Museum, and else- 
where if quantity permits. 

Species listed seem to include those previ- 
ously known only from the marine, or only 
from fresh-water, habitats, with the excep- 
tion of one species of Polysiphonia. This 
genus, to the writer's knowledge, is known 
only from strictly saline or brackish-water 
habitats; it was found in a fresh-water 
pond, and was accompanied by such a well- 
known fresh-water genus as Spirogyra. 

The writer is indebted to Charles Engard, 
who collected nearly all the specimens of 
algae. Members of the University fisheries 
staff, especially Yoshinori Tanada, were 
extremely helpful with habitat data. Thanks 
are extended to Kazue Watanabe, who exe- 
cuted most of the drawings. 
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HABITAT 

The fishponds already mentioned are dis- 
cussed by Hiatt (ined.) from the standpoint 
of construction and as a habitat for fish and 
invertebrates. These ponds are usually en- 
closures along the seacoast but may at times 
be exposed directly to the sea. They are en- 
closed by a stone or mud wall oceanward. 
Into some ponds fresh-water streams enter 
on the land side. The ponds were handed 
down among the natives for generations, and 
were used mainly for the purpose of raising 
fish for the kings and chieftains of the vari- 
ous islands until 50 years ago, when they be- 
came somewhat commercialized. Several of 
the ponds under study, however, are still 
held within the original families who were 
given the ponds by chieftains. 

The continued utilization of these fish- 
ponds no doubt has been encouraged by the 
desire of various racial groups in the Ha- 
waiian Islands for certain kinds of table fish 
which live in brackish water, at least dur- 
ing part of their life history. It was found 
by the zoologists in the 1946 biological sur- 
vey that the two most desirable fish, mullet 
(Mugil cephalos) and milkfish or awa 
(Chanos chanos), fed largely on micro- 
benthos, and the milkfish fed also on larger 
algae if they were available (Hiatt, Joc. cit.). 
Identification of the dominant algae was 
made in order to help “farm” the fishponds 
intelligently, as it was found that the food 
chain ultimately rested with some of these 
forms. 

These ponds furnish a type of habitat the 
study of which may give additional ecolog- 
ical information. They are not usually more 
than 6 feet in depth, and thus would allow 
the penetration of light sufficient for the 
growth of algae. However, the water is 
usually turbid and stirred by the wind. The 
bottom, consisting of mud, or more rarely 
mud and sand, is frequently moved by the 
ebb and flow of the tide through the gates 
from the adjoining ocean. In most ponds, 
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therefore, the algae must of necessity be at. 
tached to the walls or on halophytic phaneto. 
gams { Batis maritima, Halophila ovalis (R. 
Br.) Hooker; see Fig. 1}. 





Fic. 1. Halophila ovalis (R. Br.) Hooker. 
Habit of a portion of a plant from Molii Pond. 
Natural size. 


Most of the algae show an affinity for the 
more marine (sea wall) portions of the 
ponds. They are found abundantly in such 
localities, and but sparingly in other regions 
of the ponds. The fresh-water species are 
restricted to the mouths of streams where 
there is little contact with the ocean, or to 
fresh-water ponds which are apparently fed 
by artesian wells. Diatoms are abundant 
epiphytically, and in some ponds form 4 
thick mat on the floor of the pond, mixed 
with other small algae and the larvae of cer- 
tain animals. 

No seasonal variation in the appearance 
and disappearance of various forms was 
noted. 
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rackish-Water Algae from Hawaii—ABBorTtT 


OCCURRENCE OF ALGAE 


The ubiquitous Enteromorpha appeared 
in all stations of the ponds, in water ranging 
in salinity from that of the open ocean to 
Limost fresh. Two distinct species, showing 
Imuch variability, were recognized. The two 
species of Ulva present, on the other hand, 
showed distinct preference for the more 
aline portions. Cladophora, that trouble- 
some entity, was present in all situations; 
such distribution would lead one to believe 
hat variations of marine and fresh-water 
forms are to be found mixed in the ponds. 
Dther green algae did not occur in great 
quantity, as did the three just mentioned. 

True fresh-water algae (Spirogyra, des- 
mids) were recorded from the fresh-water 
ponds. 

The only brown alga found was Ectocar- 
bus indicus, which occurred as a common 
piphyte on other algae as well as on other 
plants. The variation shown by this species 

d to a critical examination of all species 
hich might be growing in this area. The 
esults, which are included with the species 
description, require placing in synonymy 
two species, one of which was so placed 
uite independently of Boergesen (1941). 

The red alga collected most frequently 
{from all but two ponds) was a species of 
Polysiphonia, described here as new to sci- 
nce. Another species of Polysiphonia found 
bundantly in fresh water could not be iden- 
fied with the foregoing species, nor with 
any other, as it lacked reproductive organs. 

his seems to be a new record for the occur- 
fence of this genus in fresh water (chlorin- 
ity values were 2.48 to 2.54 parts per thou- 
fd). This species was found in a fresh- 
Water pond, strangely called Salt Lake, which 
 }& apparently fed by subterranean wells. An 
Qld connection with the sea has apparently 
been sealed off. Other red algae found in 
me quantity are Erythrotrichia carnea, 
Centroceras clavulatum, and species of Cera- 
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mium. The red algal species were nearly in 
contact with the ocean and thus may be 
thought to be marine, with the exception of 
the fresh-water Polysiphonia. 


KEY TO THE ALGAE 


A simple key is presented to aid the inter- 
ested reader with some botanical training to 
identify as far as genera the algae found in 
the fishponds. Technical terms have there- 
fore been reduced to a minimum. 


PaRT I. CHLOROPHYCEAE. The grass-green 
algae. 


1. Plants with uninucleate cells 
1. Plants multinucleate or with multi- 
nucleate cells 
2. Parenchymatous 
2. Filamentous, unbranched, free- 
floating, with spiral chloroplasts 
Spirogyra, p. 196 
. Tubular plants, one layer thick in 
section Enteromor pha, p. 196 
. Foliose plants, membranous, with 
simple to cleft margins, two layers 
thick in section Ulva, p. 197 
4. Filaments unbranched 
4. Filaments profusely branched 
5. Entangled 
5. Attached, rhizoids only from the 
basal cell, cells often bulbous 
Chaetomor pha, p. 197 
. Floating, or if attached with short 
rhizoidal branches along the en- 
tire attaching length, with few to 
several nuclei..Rbizoclonium, p. 197 
. Matted, completely multinucleate, 
non-septate except at the location 
of reproductive organs 
Vaucheria, p. 198 
7. Plants in bushy soft tufts, the 
branches lateral, opposite, alternate, 
or fascicled, cut off from the main 
i Cladophora, p. 198 
. Branches not cut off from the main 
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8. Branches radial, the plant erect, 
without trabeculae..Bryopsis, p. 198 

8. Branches opposite mainly (in 
some marine species whorled), 
the plants with rhizomatous base 
and erect leaf-like portions, with 
trabeculae .............. Caulerpa, p. 199 


ParT II. PHAEOPHYCEAE. The brown algae. 

Plants epiphytic, branches secund, with 
sporangia pedicellate or sessile, lat- 
eral or terminal........ Ectocar pus, p. 199 


ParT III. RHODOPHYCEAE. The red algae. 
1. Plants epiphytic, filamentous, mostly 
microscopic, with little differentia- 
tion of reproductive parts, asexual 
reproduction mainly by monospores..2 
1. Plants erect, filamentous to com- 
pressed, wiry to firm and cartila- 
ginous, asexual reproduction by tet- 
raspores 
2. Thalli erect or creeping, uniseri- 
ate; in well-developed specimens 
3 to 4 cells thick at base, chro- 
matophore stellate.......................- 
siiiagietanintinanied Erythrotrichia, p. 200 
2. Thalli erect, arising from a pseu- 
doparenchymatous base, or from 
a single cell, branches chiefly lat- 
eral, chromatophores parietal...... 
seaidiasiaemiachiiaaai Acrochaetium, p. 203 
3. Axis flattened 
3. Axis terete 
4. Branching pinnate, tetrasporangia 
cruciate, in sori in swollen lateral 
branches............---- Gelidium, p. 203 
4, Branching dichotomous or lat- 
eral, tetrasporangia cruciate, scat- 
tered in the thallus...................... 
scistiaiiiitieeaitieiial Grateloupia, p. 205 
5. Plants wiry, sparingly branched, in 
matted tufts......Wurdemannia, p. 204 
5. Plants flaccid, bushy, with many 
branches 
6. Tetrasporangia zonate, branches 
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frequently terminating in a hook 


sommmecunesasnssovessenasmuenen Hy pnea, p. 206 
6. Tetrasporangia cruciate, branches 





free 1 | i 


7. Plants large, the thallus cylindrical 
and parenchymatous..Gracilaria, p. 206 

7. Plants mainly epiphytic, essentially 
filamentous 

8. With cortications, the superficial 
cells shorter than the central cell_9 

8. Without cortications, the super- 

ficial cells as long as the central 


I iniaiillisbiiiiasbaiaieasedlinticaaereasicie 10 
9. Plants corticated at the nodes, or but 
little beyond............ Ceramium, p. 208 


9. Cortication throughout of smal] 
rectangular cells in a longitudinal 
accicictinnanineiiasial Centroceras, p. 201 
10. Colorless hairs lateral, spiralling, 

male and female reproductive 

structures borne in connection 

with the hairs..Polysiphonia, p. 212 

Hairs in threes, terminal, tetra- 

sporangia borne on the deter- 


10. 


Brac 





Hav 








minate branches..Taenioma, p. 210 
DESCRIPTIONS OF SPECIES 


CHLOROPHYCEAE 
Spirogyra Link, 1820: 5 


Two species are distinguished in this 
genus on the basis of number of chloroplasts 
One species is from Salt Lake, and the othe 
from a fresh-water pond adjacent to Uali- 
pue. Neither species can be identified be 
cause of the absence of fertile material. 


Enteromorpha Link, 1820: 5 


Enteromor pha flexuosa (Wulfen) J. Agatdh, 
Till Alg. Syst. (3): 126, 1883. 


Plants tufted, to 14 cm. in height, usual 
less, crenelated or simple, with little or ger 
erally no branching. Cells usually arranget 
longitudinally in a straight series (Setchd 
and Gardner 1920: 256). Specimens cot 
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T, 1947 

Look rate favorably with those in U. C. Herb., 
oy d: Tilden 558 
ches Hawaiian specimens examine uden 


wet Reed 171, 198, 312, 452, 487, 
.] 5 5 (U.C.). 


206 hee in Kuapa Pond at various stations, 
ly Kihalaco Pond, Kupeke, Keawanui, Niau- 


pala, Ilae, and Molii. 
| Reported from the Hawaiian group by 


ped lemmermann (1905), Reed (1907), Rock 
per. (1913), and MacCaughey (1918). 

nttal Pitneromorpha intestinalis (Linn.) Link, 
vidi 10@ Epistola, p. 5, 1820. 

me Plants to 20 cm. in height, much branched, 
all the branches whorled, alternate, or opposite. 
final lls angular in surface view. Some of the 
p. 207 secimens from the ponds are in agreement 
ling with Setchell Hawaiian Algae 16, deter- 
ctive puined by Collins (U.C.). 

tion | 1n all the major ponds. 

p. 212 Reported from the Hawaiian Islands by 
etra. peed, Setchell (1905), Rock, and Mac- 
eter- Caughey. 

p. 210 















Ulva Linnaeus, 1753:1163 


Ulva Lactuca Linn., Sp. Plantarum 2: 1163, 
1753. 


Plants to 15 cm. in height, expanded, with 
scalloped margins, attached to rocks, twigs, 
wood, and other algae. Plants are usually 
Bight green in color. Base with many rhi- 
ids, 

In all the major ponds. 

Reported from the Hawaiian Islands by 
lemmermann, Reed, Rock, and Mac- 
Caughey. Abundant in marine habitats. 


Ulva fasciata Delile, Flore d’Egypte, p. 153, 
1813 (see Fig. 2). 


Dark green plants to 20 cm. in height, 
eft and digitate, attached to rocks, forming 
vatge patches. Plants not as membranous as 
U. Lactuca. Rhizoids are few. 
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Collected in Kihaloko, Keawanui, Uala- 


ind one in herbarium of Bishop Museum. pue, Niaupala, all on Molokai Island. 


Reported by Setchell, Reed, Tilden 
(19012), Reinbold (1907), Rock, and Neal 
(1930). 





Fic. 2. Ulva fasciata Delile. Habit of a plant 
from Keawanui Pond. 4 natural size. 


Chaetomorpha Kiitzing, 1845: 203 


Chaetomorpha aerea (Dillwyn) Kiitzing, 
Sp. Alg., 379, 1849. 


Tufts of unbranched filaments to 4 mm. 
in height. Cells inflated, to 120 » in width, 
the walls thickened and stratified. 

Molii on Batis maritima, Kupeke on a 
bivalve, Keawanui on pond wall. 

Chaetomorpha antennina has been te- 
ported by Reed, and I have examined her 
collections of this species. None are of the 
Ch. aerea type. Others reporting other spe- 
cies of Chaetomorpha from Hawaii are 
Chamberlain (1860), Reinbold, Lemmer- 
mann, and MacCaughey. Setchell, Mac- 
Caughey, and Rock also report Ch. antennina. 


Rhizoclonium Kiitzing, 1843: 261 
Rhizoclonium sp. 
Only one undeveloped specimen, whose 
determination to species is not possible. 


Ualapue Pond, entangled on Polysiphonia. 
Newly reported here for the islands. 
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Vaucheria De Candolle, 1801: 17 


Plants matted, floating, or on the bottom 
of shallow parts of the ponds. Filaments 
entangled, coenocytic, with spherical oogonia 
or antheridia. These structures are stalked 
or (in ours) sessile. 

Three types of plants are found in the 
ponds, one with no reproductive organs. 
Determination is thus incomplete for this 
specimen. The genus is newly reported from 
the Hawaiian Islands. 


Vaucheria dichotoma (Linn.) C. Agardh, 
Synop. Alg. Scand., 47, 1817. 


Large, free-floating masses, in the sum- 
mer with oogonia and antheridia. Oogonia 
sessile, globular; antheridia with a terminal 
opening, sessile, shaped much like oogonia 
but slightly more elongate. 

Kuapa Pond. In abundance. 


Vaucheria Thuretii Woronin, in Bot. Zeit., 
157, 1869. 


Filaments 60-80 » in diameter, in dense 
patches. Plants monoecious, with sessile 
spherical oogonia; antheridia curving to a 
lateral pore. 

Keawanui Pond. Rare. 


V aucheria sp. 


A sterile specimen, with measurements 
smaller than the two species just mentioned, 
was found in Molii Pond attached to a mol- 
lusk. 


Cladophora Kiitzing, 1843: 262 


Plants bushy, to 15 cm. in height, with 
prominent lateral branches cut off from the 
main axes. Each cell multinucleate with 
many chloroplasts. 

A most variable genus, with representa- 
tives by far the most commonly found in 
brackish water. Identification cannot be 
made with certainty without a large amount 
of comparative material. Lacking this, de- 
termination must be left at the genus. 
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In all the ponds, but in abundance espe. 
cially in the more saline ones. 

Compared with the published  illustr. 
tions of Brand (1905), these specimens 
show much variation, and relationships cap. 
not be established without examining the 
specimens used by him. 


Bryopsis Lamouroux, 18092: 133 
Bryopsis pennata Lamouroux var. secund, 
(Harvey) Collins and Hervey, Amer, 
Acad. Arts and Sci., Proc. 53: 62, 1917. 


Only one plant, 2 cm. in height, was col: 
lected, in the more saline portions of Ke: 
wanui Pond. The main branches arise from 
a rhizoidal base, and branch in a pinnate 
manner, the pinnules opposite each other 
A few branches show the secund type of 
orientation. The plant is dark green. 

Distribution: Florida, Bermuda, Bahamas 
and islands of the West Indies to Arua 
Island, Netherlands West Indies (for the 
species) . 


A rather exhaustive comparison has been made 
of this specimen with other B-opsis specimens 
from this area, and also from other parts of the 
world, with emphasis on tropical forms. These 
comparisons have been made in the University of 
California Herbarium. 

With certain specimens from Hawaii (Reed 
1173, 1150, 1068) our specimen is in good agree 
ment. Close comparison is also possible with 
plants from Samoa and Tahiti (Setchell 1087 
Tutuila, and Setchell and Parks 5185, Tahiti, both 
as B. Harveyana), from Formosa (legit Y 
Yamada), and to some extent specimens from 
Dwarka (Boergesen 5534 as B. plumosa), the Gul 
of California (Turner’s Island, Dawson 688 3 
B. plumosa vat. pennata), and from New Guines 
(Karubach 29, det. Grunow, as B. Harveyana) 
Specimens on sheets 341389, 341498, and 34139 
which have been determined as B. Harveyana bi 
Setchell show little agreement with our specimens 
These plants are from the Malay Peninsula. Like 
wise little similarity can be detected between tht 
Hawaiian specimens and those of the Atlantic 
determined as B. plumosa (exemplified by Setchel 
150 from Woods Hole), or of the Caribbeas 
forms of this species. 

The North American specimens seem to k 
Boergesen’s variety typica of B. plumosa. Boetgt 
sen’s varieties pennata, Harveyana, and Leprieut 
of B. plumosa (1911: 147; 1913: 115) show mot 
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jmilarity to variety ¢ypica than do our specimens 
to any of these. Boergesen (1946: 341) has raised 
8. Harveyana to specific rank. Setchell’s B. Har- 

rveyana of Samoa (1924) and Tahiti (1926) 

should not be included in synonymy with B. 
plumosa vat. Harveyana, as those specimens are 
quite different from Boergesen’s specimens. 


It is obvious from the literature that there is 
great confusion as to species limits in this genus. 
lacking critical specimens, I am following the 
interpretation of Taylor (1928) and of Collins 
and Hervey (1917). At best, this practice is not 
too satisfactory, as the Pacific plants by and large 
are somewhat different from the Atlantic and 
Caribbean forms. A large suite of specimens and 
comparison with type material are desirable. 


Bryopsis plumosa has been reported from the 
Hawaiian Islands by Chamberlain, Tilden, and 
MacCaughey. I have examined the Tilden speci- 
men (453) in American Algae Century V 
(19014), and find it to be identical with ours. In 
all probability, the records are in agreement with 
the material mentioned here. 


Caulerpa Lamouroux, 18094: 136 


Caulerpa Sertularioides (Gmelin) Howe in 
Torrey Bot. Club Bul. 32: 576, 1905. 


Plants to 4 cm. in height, creeping parts 
dinging tightly to sand and rock particles, 
the upper portions flattened laterally, with 
opposite or nearly opposite ‘“‘leaflets.”’ 

At one station, adjacent to the main 
tegions of Kuapa Pond, near the connections 
to the sea. 

The genus is common in marine habitats 
in the Hawaiian Islands; this species and one 
elated closely to it are among the more 
prominent members of the genus in Hawaii. 
Reported from the Hawaiian group by 
Eubank (1946). 


PHAEOPHYCEAE 


Ectocarpus Lyngbye, 1819: 130 

Plants tufted, filamentous, arising from a 
single basal cell, or from a group of cells, 
with or without rhizoids at the base, attached 
to twigs, wood, or other algae. Plants in 
ithis series to 6 cm. in height, but more 
jusually 1—2 cm. Reproduction by plurilocu- 
ilar or unilocular sporangia. 
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In the sense of Hamel (1939: 66-67) 
the species which is described below would 
more properly fit in the segregated genus 
Feldmannia, which differs in a few char- 
acters—mainly in that it has discoid chro- 
matophores, whereas the limits of Ectocar pus 
are such as include only those members of 
this complex which have ribbon-like chro- 
matophores. 

One of the characters used to separate 
Feldmannia further is the strong ramifica- 
tions of filaments near the base, a character 
not shown by our plants. Sporangia are typ- 
ically pedicellate in Feldmannia, a condition 
only infrequently occurring in our speci- 
mens. 

Giffordia, in the sense of Hamel, is char- 
acterized by discoid chromatophores also, 
but sporangia are always sessile, and the 
plant has intercalary growth. These are not 
constant characters in our plants. 

It would thus seem best to retain the spe- 
cies below in the genus Ectocarpus, sensu 
latiore, until European workers who have 
authentic material can establish further char- 
acters for the separations so badly needed in 
this complex. 

In making a survey of literature pertinent 
to Hawaiian material, some confusion was 
encountered with Ectocarpus Duchassaingia- 
nus Grunow (1870), recorded for the Pa- 
cific from Samoa (Setchell, 1924). From 
the literature, this species seemed identical 
with Ectocarpus indicus Sonder, recorded 
earlier by Weber-van Bosse (1913: 129) 
from Malaya. The writer has examined ma- 
terial used by Setchell in his study, and has 
concluded that his plants are synonymous 
with E. indicus Sonder. 

When these studies were completed, re- 
prints of Boergesen’s instructive Mauritius 
papers were received, and it was interesting 
to find that he had come to the same conclu- 
sions regarding E. Duchassaingianus, which 
he based on specimens from the Danish 
West Indies (Virgin Islands). 
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Examination of a large number of speci- 
mens collected in the fishponds and in 
marine habitats, as well as those deposited 
in the herbarium of the Bishop Museum, 
Honolulu, and the herbarium of the Univer- 
sity of California, Berkeley, has led the 
writer to believe that there is much varia- 
tion in specimens as well as in interpretation 
of Ectocarpus indicus. These notes, and 
those that directly follow, are a result of the 
examination of a large series. Such studies 
have led the writer to consider Ectocarpus 
Mitchellae in the sense of Saunders (1901, 
in Tilden 19014) and E. Sargassi Saunders 
as identical with the material in the present 
investigation. These specimens are from 
Hawaii and are distributed by Tilden 
(American Algae Century V, nos. 439, 440a, 
and 440b). I have examined both Bishop 
Museum and University of California speci- 
mens of the exsiccatae and find them iden- 
tical with E. indicus. 


Ectocarpus indicus Sonder, in Zollinger, H. 
Verzeichn. . . . indischen Archipel. .. . 
1842-48, p. 3 (not as usually cited: im A. 
Moritzi, Syst. Verzeichn, 1857) (see Fig. 
3a-d). 

Ectocarpus Duchassaingianus Grunow, Alg. 
Novara, 1870, p. 45. 

Ectocarpus Sargassi Saunders, in Tilden 
American Algae Century V, nos. 440a and 
440b, 19014. 


Plants tufted, branching primarily dicho- 
tomous with many lateral branches, the main 
branches about 10 » wide. Sporangia at- 
tached, sessile or stalked, on the inner sur- 
face of the branches, oval to oval-clavate, 
distributed throughout the plant. Plants ris- 
ing from a creeping base. 

Abundant in Kuapa Pond, usually on 
Batis maritima; Wailupe, Molii Ponds, on 
Oahu Island. Also found in Keawanui, Ku- 
peke, Ualapue, Niaupala Ponds, Molokai 
Island. 
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In the marine habitat, commonly occu. 
ring on species of Sargassum. 

Specimens examined (in U. C. Hetb.): a 
Ectocar pus indicus, Potts 1173a, determined 
by Setchell, from Samoa; Lindauer 28, det 
Lindauer, from New Zealand; Nasr 259 
from Egypt (Red Sea); Li 124 ex het, 
Tseng, det. Setchell, from China; K, ¢ 
Iyengar 83, det. Gardner, from Bombay; 3s 
E. Duchassaingianus: Tilden 32, det. Tilden, 
from Tahiti; Boergesen 1093, 1250, det 
Boergesen, from the Virgin Islands*; Hamel 
45, det. Hamel, from the French Antilles 
Taylor 39308, 39602, det. Taylor, from the 
Netherlands West Indies. 

Tilden 440a, 440b, as Ectocar pus Sargasi 
Saunders, det. Saunders, in Tilden American 
Algae Century V; 439 as E. Mitchellae, de. 
Saunders. These specimens are from the 
Hawaiian Islands. (Exsiccatae from Bishop 
Museum and University of California Her- 
baria examined. ) 

Distribution: Throughout warmer seas. 

Previously reported by Reed, MacCaughey, 
Lemmermann, and Neal. 


RHODOPHYCEAE 
Erythrotrichia Areschoug, 1847: 209 
Erythrotrichia carnea (Dillwyn) J. Agardh, 

Till Alg. Syst. (6): 15, 1883. 

Plants attached singly, or in small loos 
tufts, to 4 cm. in height, the uniseriate fil: 
ments attached to other algae by a single 
disk-shaped basal cell which may becom 
lobed. The lower, older parts of the platt 
may be two or three cells in width. Chie 
matophore stellate, with a prominent pyre 
noid. Reproductive structures not seen. 

Found in all major fishponds, epiphytt 
on Enteromorpha spp., Grateloupia, Pol} 
siphonia, and Gelidium. Erythrotrichia cav 
nea is here reported from the Hawaiiaj 





* These specimens as well as others collected b 
Boergesen in the Virgin Islands and identified 4 
E. Duchassaingianus (1913: 159) were trast 
ferred by him to E. indicus (1941: 16). 
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Fic. 4. Acrochaetium robustum Boergesen. A. Habit of plant with 
monosporangia. Note single basal cell. Scale B (divisions 50 dl 
microns). B. Portion of plant with part of multicellular base. Scale Pi 
C (divisions 10 microns). Acrochaetium seriatum Boergesen: C. 
Portions of plants showing monosporangia. Scale C (divisions 10 
microns ). Ca 
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Islands for the first time. It occurs com- 
monly on many marine algae in this area. 

Distribution: Occurring commonly in the 
tropics, epiphytic on littoral and sublittoral 
algae; extending into temperate waters as far 
north as England (type locality). 


Acrochaetium Niageli, 1861: 402 
The treatment of this genus is based on 
the work of Papenfuss (1945), who has 
seen Our specimens. 


Acrochaetium robustum Boergesen, Mar. 
Alg. D. W. I., 2 (1): 40-43, 1915 (see 
Fig. 4a—b). 


Plants tufted, to 1 cm. in height, epiphy- 
tic, with a simple or branched basal cell 
partly to wholly endophytic. Branching pre- 
dominantly lateral, sometimes alternate, but 
at the base dichotomous. Cells with a parie- 
tal chromatophore and a single pyrenoid, 
and with pit connections readily seen. Cells 
to 4 » in width, and twice as long. Mono- 
sporangia prominent, sessile or pedicellate, 
appearing laterally near the tips of the 
fronds, singly or in pairs. Terminal spo- 
trangia are often seen. Sexual organs not 
seen. 

Found in Kuapa Pond, epiphytic on Batis 
maritima, and a piece of coniferous wood. 
Not the same species as other marine speci- 
mens from this area. The genus is newly 
reported from the Hawaiian Islands. 

Distribution: Danish West Indies, Japan. 


Acrochaetium seriatum Boergesen, Mar. Alg. 
D. W. 1. 2 (1): 32-35, 1915 (see Fig. 
4c). 

Plants to 5 mm. in height, tufted, soft, 
epiphytic on Ulva fasciata. Branching 
chiefly lateral, occasionally alternate. Erect 
portions arising from a multicellular creep- 
ing base. Monosporangia borne singly or in 
clusters, sessile or pedicellate. In Keawanui 
Pond, Molokai Island, on Ulva fasciata. 

Distribution: Danish West Indies, Ma- 


cassar. 
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Both these species of Acrochaetium were 
collected in the more saline portions of 
Kuapa and Keawanui. In all probability 
they are not true brackish-water species. 
Species of Acrochaetium occur frequently on 
larger algae in the marine environment in 
this area. 


Gelidium Lamouroux, 1813: 40 


Gelidium pusillum (Stackhouse) Le Jolis in 
Soc. Sci. Nat. Cherbourg, Mem. 10: 139, 
1863 (see Fig. 5). 








Fic. 5. Gelidium pusillum (Stackh.) Le Jolis. 
Habit of portion of a plant. x 4. 


Plants small, associated loosely in clusters, 
with a creeping base bearing erect parts to 
3 cm. in height. Branching irregularly pin- 
nate or alternate, with both branches and 
axis markedly flattened. Rhizines occupy a 
large central area of the branches with small 
cortical cells in three rows on the outside. 


Tetrasporangia in small bulbous lateral 
branchlets, sunken below the surface. Tetra- 
spores in cruciate groups when mature, the 
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young tetrasporangia frequently showing 
only one division. Sexuai plants not seen. 

Found in Molii Pond, Oahu; Ilae, Kea- 
wanui, Kupeke, and Ualapue Ponds, Molo- 
kai, infrequently occurring, and with many 
epiphytic diatoms and Erythrotrichia carnea. 

Distribution: In the tropics, northward to 
England (type locality). 

This species is a variable one, and perhaps 
these plants represent a distinct entity, but 
for the present it seems best to identify them 
with the species. All species of Gelidium 
are named “limu loloa” or “‘limu ekaha- 
kaha” by the Hawaiians. The species here 
noted has been questioned by Reed. Mac- 
Caughey lists the species. It does not seem 
to be either of the Gelidium spp. listed by 
Neal. 


Gelidium pusillum vat. conchicola Piccone 
and Grunow in Piccone, Contribuzione 
all’algologia Eritrea, Nuovo Giornale Bot. 
Ital., 16: 316, 1884. 


Plants smaller than the species, to 5 mm. 
forming tufts, but inconspicuous. Blades 
flattened especially at the tips. Rhizomes 
with small colorless rhizoids. The plant is 
sterile. 

Fragment of plants from Molii Pond, as- 
sociated with Cladophora sp. and Polysi- 
phonia. Newly reported from the Hawaiian 
Islands. 

Distribution: Bermuda, Florida, Colom- 
bia. 

These plants agree favorably with de- 
scription and figures of Taylor (1928). 


Wurdemannia Harvey, 1853: 245 


Genus incertae sedis. Taylor, 1928, 1941, 
1943, 1945, lists the genus with the Geli- 
diales, but in 1940 lists it in the Cryptone- 
miales (Rhodophyllidaceae). Feldmann and 
Hamel, 1934, list it in the Gelidiales. 
Harvey (1853) and Boergesen (1919-20) 
list it as uncertain. 
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Wurdemannia miniata (Draparnaud) Feld. 
mann et Hamel zm Revue Générale de Bo. 
tanique 46: 545, 1934 (see Fig. 6; Fig 
7b). 

Wurdemannia setacea Harvey, Nereis Bor. 
Am. (2): 245, 1853. 


Fic. 6. Wurdemannia miniata (Drap.) Feld- 
mann et Hamel. Habit of plant. x 114. 


Plants in thickly matted dark red tufts to 
4 cm. in height, attached to the substratum 
by numerous disk-shaped holdfasts from 
which run several cylindrical rhizomes. Main 
axis erect, sparingly branched, terete, and of 
firm consistency. The young branches show 
large medullary cells which become smaller 
toward the outside. Superficial cells are 
somewhat square and contain many chro 
matophores. In surface view, these cells are 
small and irregularly shaped. 

Tetrasporangia are found in sori near the 
tips of the branches with few modified 
sterile filaments. The sporangia are zonately 
divided. Sexual plants are not known. 

Found in Molii, Oahu Island; Ilae and 
Keawanui, Molokai Island. 

Distribution: Mediterranean (Montpellier, 
type locality). Harvey's plant was collected 
at Key West. It is also known in the Atlantic 
from the Brazilian coast northward to Ber 
muda. 

Reported here for the first time from the 
Hawaiian Islands, and for the Pacific. 

When sexual plants are known, this spe 
cies will probably be segregated from tht 
Gelidiales because of its zonate tetrasporat 
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Grateloupia C. Agardh, 1820: 221 


Grateloupia filicina (Wulfen) C. Agardh, 
Syst. Alg., 241, 1824. 

Grateloupia fulicina forma hawatiana Mazza, 
Nuova Not., 26: 75, 1915. 


Plants purplish-red, cartilaginous, 14 cm. 
in height, erect, the fronds attached in 
groups by a single holdfast; branching with 
a percurrent main axis, the whole plant as- 
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suming a pyramidal shape. Branches to 3 
mm. in diameter, linear, acuminate. Me- 
dulla composed of spherical cells of mod- 
erate size in transverse section, occasionally 
showing stored dextrin particles, surrounded 
on the outer surface by two layers of com- 
pact small cells. Plants collected are sterile. 

Found in Keawanui, near pond gate in 
quiet water, with much epiphytic Erythro- 
trichia carnea. 


Fic. 7. A. Gracilaria coronopifolia J. Agardh. Cross section of thallus. Scale A (divisions 100 mi- 
crons). B. Wurdemannia miniata (Drap.) Feldmann et Hamel. Cross section of thallus. Scale C 
(divisions 10 microns). C. Hypnea nidulans Setchell. Cross section of thallus. Scale B (divisions 50 
microns). D. Hypnea nidulans Setchell. Cross section of portion of fertile branch showing tetra- 
Sporangia. Scale C (divisions 10 microns). 
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Distribution: Widely occurring in warm 
waters, into colder regions. 

This is an alga of choice eating qualities, 
much desired by Hawaiians. It grows well 
in various localities on the islands of Ha- 
waii and Maui especially, and is occasionally 
seen in certain localities on the island of 
Oahu, where it is said to have been planted 
for the late Queen Liliuokalani. The alga 
is known on Hawaii as ‘“‘limu huluhulu- 
waena,” and on Maui as “‘limu pakeleawaa.” 
If it were not so well known, it would be 
difficult to place the plants collected, because 
they are sterile. 

Grateloupia fiicina has been reported 
from the Hawaiian area by Reed, Rock, 
MacCaughey, and Setchell. G. dichotoma, 
reported by Chamberlain, has not been sub- 
stantiated. 

Specimens examined (in Herbarium 
Bishop Museum): Drew 641, Waikiki; 
Rock, Apr., May, 1908, Waikiki; Bailey in 
1876, Lanai Island. Tilden 507, Kapaa 
(Kauai Island), does not seem to be this 
genus. 


Gracilaria Greville, 1830: 121 
Gracilaria coronopifolia J. Agardh, Sp. Alg. 
2 (2): 592-593, 1852 (see Fig. 7a; Fig. 
9). 
Gracilaria No. 1, No. 2, Neal, Hawatian 
Marine Algae, 68, Fig. 184, 1930. 


Plants erect, to 15 cm. in height, pink at 
tips, white below, with one or more fronds 
attached to a single holdfast. Branching 
frequent, dichotomous, arcuate at tips, with 
a corymbose aspect. Branches cylindrical in 
transverse section with a large medullary 
region of colorless rounded cells slightly 
thickened, surrounded by a narrow cortical 
layer and a layer of smaller superficial cells. 
Female plants with prominent pink to red 
cystocarps in the upper branches. Cysto- 
carps with thick outer covering and a small 
ostiole. Male and tetrasporangial plants not 
seen. 
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Found in Keawanui and Ilae ponds, 
Molokai. 

Distribution: ‘ad Wahoo [Oahu] Insu- 
larum Sandwicensium.” Apparently ende. 
mic to the Hawaiian Islands, and found 
quite commonly in the marine habitat. Re. 
ported by Reinbold. 

The “limu manauea” of the Hawaiians 
(the “ogo” of the Japanese) is characteris. 
tic of sandy, sheltered areas about the 
islands. Two other species of Gracilaria ate 
listed in the literature from Hawaii: G. con- 
fervoides by Chamberlain and MacCaughey, 
and G. euchemoides by Chamberlain, 
Neither of these species has been collected 
by the writer. G. coronopifolia has been 
mentioned by Chamberlain, Lemmermann, 
Reed, Rock, MacCaughey, and Setchell, and 
questioned by Neal. Neal's two species (No. 
1 and 2) are this species. Other forms from 
the islands have been studied but it is difficult 
to place them with certainty. 


Hypnea Lamouroux, 1813: 131 
Hypnea nidifica J. Agardh, Sp. Alg. 2 (2): 
451, 1852 (see Fig. 8). 





Fic. 8. Hypnea nidifica J. Agardh. Habit of 
a portion of a plant. X 2. 
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Plants erect to 20 cm. in height, or more 
usually matted and attached epiphytically to 
other algae, with slender branches alternate 
or whorled and closely beset with very short 
branchlets, the ultimate tips simple and 
straight. Plants red to reddish-green when 
fresh. In section, the main axis shows a large 
medullary layer surrounded by cortical cells 
in radial rows of smaller cells, and a some- 
what firm superficial layer of angular cells. 
Tetrasporangia circling the base of the short 
branchlets, the cortical cells forming distinct 
radial filaments in these areas. Sporangia 
zonately divided. Male and female plants 
not seen. 

Found in Ilae Pond, growing with Cera- 
mium spp., and Polysiphonia. In the Ha- 
waiian area, common in sandy shallow 
waters. 

Distribution: ‘‘ad insulis Sandwich.’’ Re- 
ported by Reinbold from the Hawaiian 
Islands, and from Malaya by Weber-van 
Bosse (1928: 453). 

Hypnea nidifica seems more closely re- 
lated to H. cornuta in habit than to H. cervi- 
cornis, @ comparison made by J. Agardh. 
The anatomy of the frond is closer to the 
next species than to the two species just 
mentioned. Tetrasporangia are like those of 
most other species. 

The species has been listed by Chamber- 
lain, Lemmermann, Reed, Setchell, Rock, 
MacCaughey, and Neal. Hypnea armata has 
been listed by Reed, Rock, and MacCaughey. 
Hypnea cornuta, H. pannosa, and H. divari- 
tala mentioned by Chamberlain have not 
been verified. 


Hypnea nidulans Setchell, Veg. Tutuila 
Island, Carnegie Inst. Wash. 20: 161- 
162, 1924 (see Fig. 7c-d). 


Plants smaller than H. nidifica, much 
twisted and branched, growing in small tufts 
among other algae. It is chiefly differen- 
tiated from H. nidifica in having tetraspo- 
fangia in nemathecia near the tips of the 





207 


fertile branchlets. In cross section, the cor- 
tical cells are smaller, with small uniform 
superficial cells. Only tetrasporangial plants 
were collected. 

Found in Molii Pond. Newly reported 
from the Hawaiian Islands. 

Distribution: Samoa (type locality), 
Setchell 1084, type, in U.C. Herb., Setchell 
and Parks 5158 in Herb. Bishop Museum. 
Also reported by Boergesen (1943: 62) from 
Mauritius and by Weber-van Bosse (1928: 
454) from Malaya. 
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Fic. 9. Gracilaria coronopifolia J. Agardh. 
Habit of a portion of a cystocarpic plant. Natural 
size. 


Centroceras Kiitzing, 1841: 731 
Centroceras clavulatum (C. Agardh) Mon- 
tagne, Flore d’Algerie, 140, 1840-1850. 


Plants filamentous, usually in matted 
tufts, stiff and brittle, or floating and en- 
tangled with other algae; dark purplish-red 
in color, or pinkish where exposed. Fish- 
pond specimens are 6-8 cm. in height with 
irregular branching and short internodes at 
the tops of the branches, the tips sometimes 
forcipate. Spines at the nodes most prom- 
inent in the upper parts of the filaments, 
4 to 6; in the older parts usually 2 or de- 
ciduous. Spines are of two or more cells. 
Cortical cells in section, 28 to 40 in the 
nodal portions. Tetrasporangia sub-external, 
formed in a horizontal row of 4 to 8 at the 
nodes, tetrahedrally divided. 
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Found abundantly in portions of several 
fishponds open to the sea: Molii on Oahu 
Island; Ilae, Keawanui, Kupeke on Molokai 
Island. 

Widely distributed throughout tropical 
waters. It is one of the most frequently en- 
countered of shallow-water algae in the 
Hawaiian area. Tilden 401 (American 
Algae, Century V) in Herbarium University 
of California as Ceramium diaphanum is 
Centroceras clavulatum. This specimen is 
from the Hawaiian Islands. 

The structure of plants of this species is 
very variable, but the species is readily sepa- 
rated from the next (Ceramium) in being 
more brittle and usually larger, and in pos- 
sessing continuous corticating cells. 

It is listed from the Hawaiian Islands by 
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Fic. 10. Ceramium sp. (1). A. Nodal region showing cortication. Scale C (divisions 10 microns). (d 
B. Tips of two plants, in the above figure showing forcipate nature. Scale C (divisions 10 microns). 
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J. Agardh, Chamberlain, Setchell, Reed 
and Rock, and, as Ceramium clavulatum (. 
Agardh, by Lemmermann and MacCaughg, 


Ceramium (Roth) Lyngbye, 1819: 117 

Ceramium is a large and complex genus 
The limits of many of the species, especially 
the tropical ones, are as yet ill defined. Con. 
sequently, it seems best not to assign specific 
names to either of the following specic, 
especially since not all necessary plants were 
found. 
Ceramium sp. (1) (see Fig. 104-b). 

Plants 4-8 cm. in height, dark pink to red, 
lying in soft tangled mats among other algue. 
Base of plants sometimes with rhizoids, the 
upper ends usually free. Branching irregu- 
larly dichotomous, with prominent forcipate 
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tips in some plants, and only a suggestion in 
others. 


Specimens collected are sterile. 
Found in Ilae Pond, Molokai Island. 


Ceramium sp. (2) (see Fig. 114-0). 


Plants 2-3 cm. in height, dark pink, 
tufted, erect, branching with a percurrent 
main axis, the tips dichotomous and occa- 
sionally forcipate. Outer edges of the 
branches markedly dentate. Nodal bands 
close in the younger parts, in the older parts 
quite separated. Mature nodes marked by 
three rows of flattened cells below the sep- 
tum, and smaller, angular cells above. Tetra- 
sporangia 70 p» in diameter, sub-exposed, 
with an upgrowth of smaller cortical cells 
over them. Sporangia usually single at the 
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node, rarely two. Spermatangial and carpo- 
gonial plants not seen. 

Found in Ilae Pond, Molokai Island, and 
Molii Pond, Oahu Island, in the more saline 
portions adjacent to the sea. 

Neither of these species of Ceramium 
seems to be one of those reported previously 
from the islands: C. Kuetzingianum by Mac- 
Caughey and Ceramium sp. by Neal. Cera 


mium diaphanum by Tilden is Centroceras 
clavulatum. 


Taenioma J. Agardh, 1863: 1256 


A detailed account of this genus, and par- 
ticularly the following species, may be found 
in Papenfuss (1944) and Tseng (1944). 


Taenioma perpusillum (J. Agardh) J. 
Agardh, Sp. Alg. 2 (3): 1257, 1863. 
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FiG. 12. Polysiphonia aquamara Abbott. Type specimens. Scale A (divisions 100 microns). A. Habit 
of cystocarpic plant showing young and mature cystocarps. B. Shape of cystocarps from another 
branch. C. Basal portion of tetrasporangial plant. D. Habit of plant showing tetrasporangia (covet 


cells have been omitted). 
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Fic. 13. Polysiphonia sp. Habit of sterile plants from fresh-water pond (Salt Lake). Illustration 
mn left, Scale A (divisions 100 microns); on right, Scale B (divisions 50 microns). 
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Plants in small tufts, epiphytic on other 
algae, or on small sessile animals, filamen- 
tous and soft. The determinate branches of 
this species end in three hairs as opposed to 
two terminal hairs in T. macrourum. 


Specimens collected were sterile. 

Keawanui Pond, Molokai Island, with 
Polysiphonia. 

This species is uncommon in this area. 
Reported from the Hawaiian Islands by 
Chamberlain and Papenfuss. 


Polysiphonia Greville, 1824: 90 
Section Oligosiphonia 


Polysiphonia aquamara sp. nov. (see Fig. 
12a-d). 


Plantae penicillatim fasciculatae, ad 8 cm. 
longitudine sed plerumque minores, roseo-pur- 
pureae, molles, erectae, basi rhizoideis permultis 
praedito nec repente, ramis adscendentibus, alter- 
nis, origine spiralibus. Trichoblasti in articulos 
omnes insertae; cellulae pericentrales 4, haud 
corticatae; tetrasporangia e ramulis secondariis 
ultimis, plantae apicem versus locatis, orta, in 
serie recta vel tortuosa. Plantae cystocarpicae 
validiores, cystocarpis alternis, late urceolatis. 

In Batidem maritimam vel plantas alteras 
phanerogamicas, raro in lapides vel conchas obso- 
letas, crescentes. 

Plants tufted, without a prostrate creeping por- 
tion, to 8 cm. in height, usually smaller, reddish- 
purple, soft. Base composed of many rhizoids. 
Erect filaments arise from the base with branches 
ascending, alternate and spiraling in a counter- 
clockwise directon, slightly divergent to 44, with 
branching chiefly at the tips. Trichoblasts fre- 
quently appearing whorled, inserted in the young 
parts on every segment alternately, in the older 
parts leaving scar cells. The branches of the tri- 
choblasts are 2 to 3 ranked, 50-200 » in length, in 
the male plants covering Y; the length of the tips 
of the axis. Pericentral cells 4, non-corticated. 

Tetrasporangia borne in ultimate branches near 
the tip of the plant, in a straight series or tortu- 
lose, or when in the main branches occasionally 
alternate. Spores dark brown to blackish, sporan- 
gia 4-partite, 20 u (usually less) in diameter. 

Antheridial clusters borne on the basal un- 
branched portion of a trichoblast, alternate, sub- 
cylindrical, with antheridia blunt to round. Cys- 
tocarpic plants stouter than others, the cystocarps 
alternate, broad urn-shaped, with pyriform carpo- 
spores. 
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TyPE: Abbott 1535, legit C. J. Engard 
from Station 7, Kuapa Pond, Oahu Island, 
epiphytic on Batis maritima. This numb 
includes tetrasporangial, cystocarpic, and 
spermatangial plants, of which I designat 
the tetrasporangial as the type specimen, 
These plants were collected April 7, 1944, 


This new species of Polysiphonia is ver 
abundant in the major fishponds, occurring 
on Batis maritima, rocks, and dead shells 
It resembles P. subtillisima, which has aly 
been found outside the strictly marine en 
vironment, but is distinguished from it in 
that it has no prostrate creeping portion. 


Polysiphonia sp. (see Fig. 13). 


A species of Polysiphonia found in fresh 
water (Salt Lake Pond, Oahu); grows abun- 
dantly on the pond walls, attached to phane 
rogams, or to rocks. It has four pericentrd 
cells. Infrequent trichoblasts are found nea 
the tips of the plants. Although repeated 
collections were made, no fertile materia 
was found. The salinity in this pond wa 
found to be nearly that of fresh water (2.5). 


To the best of my knowledge, this is the 
first report of the genus in fresh water. 
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Cycles in Rainfall and Validity in Prediction 
of Rainfall in Hawaii 


CHESTER K. WENTWORTH?! 


IN THE PRESENT PAPER it is proposed first 
to discuss a recent book titled Correlation of 
Cycles in Weather, Solar Activity, Geomag- 
netic Values, and Planetary Configurations 
(Johnson, 1946). This discussion is fol- 
lowed by an application of a method of 
analysis therein described to the 56-year 
series of rainfall data for the Honolulu in- 
take area known as the Honolulu Rainfall 
Index (Board of Water Supply, 1947: 180). 
The conclusion is reached that this method 
does not result in prediction of the rainfall 
for a future year with sufficient accuracy to 
be of practical utility. 

The treatment by Johnson represents an 
enormous amount of labor in computing 
and compiling data. It carries much food 
for thought and exemplifies methods that 
other investigators will find useful for ap- 
plication to specific problems. The present 
discussion deals chiefly with the question of 
whether the data presented show the capa- 
city of the method to predict future rainfall 
quantities with useful accuracy. Some atten- 
tion is given to the general method and the 
suggested correlations between various other 
physical phenomena, but the present writer 
does not claim competent knowledge in most 
of these fields. 

The method used by Johnson in the 
analysis of cycles, or periodicities, is that 
previously used by Dinsmore Alter and 
described by him in 1937 and in several 
other papers cited by Johnson. This pro- 
cedure is comparatively simple and has 


_— 
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doubtless been devised and used by various 
students having occasion to do such work. 
It consists essentially of a process of finding 
that constant interval between pairs of years 
such that the average difference in rainfall 
between the two members of a pair is a mini- 
mum. For any given interval, the average 
error or difference between the first year’s 
rainfall and the next year’s rainfall is called 
the A index, presumably meaning the 
“Alter index.” The interval that is found 
to give the lowest A index is the period that 
is assumed to give the most reliable estimate 
of future values. 

Johnson has carried the method much 
beyond this point by subjecting the A differ- 
ences based on any one period to similar 
analysis to find a second period, and so on to 
several periods of diminishing importance. 
He has also made some use of an index he 
calls the J index, which appears to be the 
mean cumulative departure, resulting from 
the fact that the true cycle is a fractional 
period. 

It is not difficult to detect a periodic qual- 
ity in data on rainfall and other natural 
phenomena. For any given span of data, the 
most suitable period found in a first analysis 
will inevitably result in some improvement 
of estimate over that based on the arithmetic 
mean of experience, as defined by the stand- 
ard deviation or probable error. Johnson 
says, in his introduction, that an analysis 
based on a 20-year period for the rainfall of 
the Kualapuu, Molokai, area gave “very 
close agreement, estimated roughly in prac- 
tical value as 88 %, if fulfilled in the future. 


« 
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In an effort to solve the remaining 12 %, the 
writer became entangled in an investigation 
which led far afield.” 

Moreover, any other systematic relation- 
ship found in random values for a given 
quantity will, if applied, result in more 
accurate estimates than the use of simple 
averages without such additional terms. For 
example, various stations considered by 
Nakamura in his study of rainfall variation 
on Oahu have a probable departure of the 
rainfall of any given year from the mean of 
about 30 per cent of that mean (Nakamura, 
1933). This figure is true of stations having 
moderate rainfall, such as that of Kualapuu 
or U. S. Weather Bureau at Honolulu. This 
means that, by naming the mean annual 
rainfall, anyone can predict, on the average, 
within a range of 30 per cent. One means 
of improving estimate is offered through a 
recent study of geographic variation (Went- 
worth, 1946). In this paper it is shown 
that if the rainfall of near-by, similar sta- 
tions for the same year is known, the prob- 
able error of estimate is cut down, on Oahu, 
to about 14 per cent. This relationship is of 
no use for future prediction, but is offered 
simply as an example of refinement of esti- 
mate due to added knowledge. 

Parallel to this, Johnson says his errors 
were reduced to 12 per cent by use of his 
data on periods. This seems reasonable, 
and it is shown below that harmonic analysis 
of the Honolulu Rainfall Index can furnish 
a basis for somewhat similar improvement of 
average estimate for a near-by, future year, 
over that represented by the simple annual 
mean or normal. 

So far, the studies made by Johnson ap- 
pear to be significant. Beyond this point, in 
the search for the remaining 12 per cent, it 
is less clear either that the continued har- 
monic analysis of residuals is worth the 
greatly protracted labor involved, or that 
similarities of period found between rainfall 
and other physical phenomena are truly the 
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result of cause and effect. Certainly, jf 
causation is at work and if the records of 
such correlated sunspots, magnetic values, 
or planetary positions are of long duration 
or can be reliably projected into the future, 
the correlation with rainfall would be of 
much value. 

The writer is not sufficiently acquainted 
with these other phenomena to judge inde- 
pendently whether the similarities in period 
do or do not represent a causal relationship, 
The latter half of Johnson’s book constitutes 
an interesting and exhaustive search for re- 
lationships between rainfall and other phe- 
nomena and there is abundant evidence of 
cyclical variations which can be to some 
extent defined. However, candor compels us 
to conclude that true causal relationship has 
not been proved, and it does not appear that 
use of data from planetary or other changes 
will yield predictions superior to those based 
on one or two empirical rainfall periods 
alone. 

It is noteworthy that in a lecture given in 
Honolulu in 1946, Dr. C. G. Rossby ex- 
pressed the view that useful predictions for 
more than 1 month in advance are not now 
practicable. This eminent authority had just 
completed a tour of conference and inspec- 
tion in Hawaii, under the sponsorship of the 
Hawaiian Sugar Planters’ Association and 
the Pineapple Research Institute, and al- 
though he recommended renewed and more 
extensive study of the problem, he was not 
optimistic of success by available methods in 
the foreseeable future.? In line with this 
statement, the paper by Johnson, while it 
probes interesting possibilities, did not, in 
the estimate of the present writer, contain 
anything to show that prediction of the rain- 
fall of a single future year could be made 


* After this paper was completed, the writer 
had opportunity to see a manuscript report by 
H. Landsberg, prepared in collaboration betwees 
the U. S. Weather Bureau and the University of 
Chicago, in which a similar view was expressed. 
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with useful accuracy. For this reason it was 
decided to examine the Honolulu Rainfall 
Index by a similar method for a further 
check (see Table 1). 


TABLE 1 


Tue HoNOLULU INTAKE RAINFALL INDEX* 








DECADES 





1900 | 1910 | 1920 





92 122 82 
101 134 108 
137 85 91 
110 102 124 
113 100 81 
107 106 81 
98 134 60 
123 109 154 
117 88 115 83 
81 95 70 87 
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* This index is now called the “‘intake’’ index, to distin- 
guish it from a ‘“‘residential’’ index used for correlation 
with domestic consumption on lawn irrigation and the like. 

This index is the average of the per- 
centages of the mean for 10 stations in the 
intake area of the Honolulu water supply. 
It is much more representative of the rain- 
fall which provides water supply than is the 
record of the official U. S. Weather Bureau 
station, located in coastal Honolulu in the 
low rainfall belt. 

Our purpose here is to determine whether 
the values of the Honolulu index, taken on 
an annual basis, show systematic cycles in 
such a way that the rainfall of even 1 or 2 
years in advance can be predicted with useful 
validity. No attempt has been made here 
to correlate cycles of annual rainfall with 
any other natural cycles. Obviously, no value 
can be attached to any method of prediction 
unless it follows a definite routine which 
can be carried through uniformly by any two 
persons who follow the adopted rule. 

The first operation, similar to that used by 
Johnson, and others previously, is to calcu- 
late the mean differences between annual 
tainfall indexes separated by each of the 
intervals considered as a possible cycle. For 
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example, the differences between the indexes 
of the pairs 1890 and 1895, 1891 and 1896, 
1892 and 1897, carried through to 1940 and 
1945, are computed and averaged, without 
regard to sign. This value represents the 
average and also the most probable amount 
by which the rainfall of any given year will 
differ from one 5 years in the past or 5 years 
in the future. The same calculations were 
made for a 4-year interval, for 6 years, and 
so on, up to 20 years, with results shown in 
Table 2. 

The 4-year difference is the mean of 52 
values and that for 20 years is the mean of 
36 values. It is evident that the means have 
only a moderate range, that for a 16-year 
interval being the lowest, 20.8 per cent. 
Moreover, there is no marked superiority of 
this interval over the next, and so on. Thus 
the cyclical character is not strong. 

In order to estimate how much of the 
variation in annual rainfall is periodic, we 
first need a measure for random variation. 
Taking the whole series of 56 years, we find 
the standard deviation to be 20.3 per cent. 


TABLE 2 


MEAN VARIATIONS IN THE HONOLULU RAINFALL 
INDEX FOR CYCLES FROM 4 YEARS TO 20 YEARS 








MEAN 
DIF FERENCE 
FOR YEARS 
ONE INTERVAL 
APART 


RANK, 
LOWEST TO 
HIGHEST 


LENGTH OF 
CYCLE 





Per cent 
4 22.4 
5 21.6 
6 24.3 
‘ f 22.5 
8 24.0 
9 21.8 

10 26.5 

11 24.9 

12 21.6 

13 24.0 

14 

15 

16 

17 

18 

19 

20 


Interval 


22.5 
25.0 
20.8 
25.9 
28.2 
23.7 
21.2 
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From this is derived the probable error of 
estimate if any given year in the future is pre- 
dicted to have a rainfall equal to the mean 
of the whole period. 


P. E. — 0.6745 (20.3) = 13.7 per cent 


This means that the odds are equal, that 
there is a fifty-fifty likelihood that the rain- 
fall in any future year will not differ from 
the mean by more than 13.7 per cent. This 
is a basis of prediction that is sound and 
easily arrived at. Now we must inquire 
whether, by use of cycles shown in the 
record, we can reduce this probable error of 
estimate or prediction. 

Taking the 16-year cycle as most promis- 
ing, we say that the rainfall of any given 
year is most likely to be similar to that of a 
year 16, or 32, or 48 years earlier. For such 
a group of years, the best representative 
value is the average, and for each year, the 
deviation from that group average is the 
error that would have resulted from using 
the average. Hence we take the whole series 
of deviations of the rainfall of each year 
from the average of the years separated from 
it by multiples of 16. The root-mean-square 
of this series is determined. This is the 
standard deviation of the estimates based on 
use of the mean of the 16-year cycle. For any 
single series there are only 4 years, and it is 
granted that the average can be much dis- 
torted by a very exceptional year. However, 
by including the whole series in the root- 
mean-square calculation we derive a stand- 
ard deviation comparable to the standard 
deviation about a single mean. This turns 
out to be 14.4 per cent. The corresponding 
probable error is 9.7 per cent. This suggests 
that by using the mean of the 16-year cycle, 
rather than the mean of the whole series, the 
fifty-fifty likelihood is that the estimate will 
not be in error by more than 9.7 per cent. 
Here we have an apparent improvement of 
about one third of the expected error in- 
volved in using the over-all mean. This is 
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an improvement which can be used, even 
though it is not startling. 

The following table shows the standard 
deviations and probable errors of variations 
from the over-all mean and from the group 
means for a few of the best and a few of 
the worst cycles. In offering these data, the 
writer makes no claim to having discovered 
a cycle that will have general value or that 
will be found useful for any other series 
than the Honolulu Rainfall Index. For any 
other series a similar procedure will indicate 
whether any cycle appears to have at leas 
short-term prediction value. 


TABLE 3 


MEASURES OF ESTIMATE 


STANDARD | PROBABLE 











CYCLE | DEVIATION ERROR 
Per cent | Per cent 
Variations from arithmetic 
mean of 56 years, no 
REISE 20.3 13.7 
Variations from group 
mean on 16-year cycle... 14.4 9.7 
Variations from group 
mean on 20-year cycle.... 15.5 10.5 
Variations from group 
mean on 10-year cycle.... 19.2 12.9 
Variations from group 
mean on 18-year cycle.... | 


18.6 | 125 





The above values indicate the probable 
error of any given estimate based on the use 
of the cycle named, assuming that the cycle 
average is correct. However, this is an un 
warranted assumption since the cycle aver- 
ages (such as the mean of the years 1890, 
1906, 1922, and 1938) are at most based on 
four values for the 16-year cycle and only 
three for the 20-year cycle. We therefore 
must examine the source of these averages. 
For the 16 groups of years spaced by 16 
years, we find that the probable errors of 
the means range from the maximum of 8.6 
per cent to 1.6 per cent, with a mean of 4.95 
per cent. For the 20 groups of years spaced 
by 20 years, these same values are 11.0 pet 
cent, 1.1 per cent, and 5.45 per cent. 
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Prediction of Rainfall in Hawaii—WENTWORTH 


Even where the individual group shows 
a smaller standard deviation, the groups are 
so small that the measure is not reliable. 
We have no basis for assuming any mean to 
be closer than average probable errors for the 
whole series. In Table 4, as an example, an 
attempt is made to apply the 16- and 20- 
yeat cycles, the most promising two cycles, 
to the prediction of the index for the years 
from 1939 to 1948 inclusive. 

In this table, the actual index up to date 
is given in column 2. The indexes predicted 
by the 16-year cycle alone are given in col- 
umn 4, and those predicted by the 16-year 
cycle followed by the 20-year cycle are 
shown in column 6. Columns 3, 5, and 7 
show errors of prediction by use of the mean 
(column 3), by use of the 16-year cycle 
(column 5), and by use of the 20-year cycle 
after the 16-year (column 7). These show 
that, on the average, there is a moderate im- 
provement of prospective accuracy of esti- 
mate by using the 16-year cycle, and a still 
smaller improvement by using the 20-year 


cycle in addition. However, anyone desiring 
to use such data for practical purposes should 
have his doubts aroused by noting that in two 
of the predicted years, 1946 and 1947, the 
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predicted values in column 4 are quite dif- 
ferent from those in column 6 and of oppo- 
site deviation from normal. In both 1946 
and 1947, there is marked change on using 
the 20-year cycle. It is easy to trace this 
effect, since these dates are 20 years after 
the phenomenally low and high years of 
1926 and 1927. The indexes for these 2 
years are so aberrant that in much statistical 
procedure they would be rejected. The 20- 
year average is based only on two pairs— 
1906 and 1926, 1907 and 1927—and the 
effect of the latter year in each case is dis- 
proportionate. The figures for 1947 and 
1948 are not offered as predictions but 
simply as working data. 

The conclusion drawn from the table and 
other data presented is that by progressive 
use of cycles, the prospective average errors 
of estimation can be made slightly smaller 
than those shown by predicting the mean. 

However, the practical utility of any such 
improvement is marred by the knowledge 
that it is gained through the introduction. of 
group averages having probable errors that 
we cannot reasonably assume to be less than 
approximately 5 per cent. The problem 
comes down to whether an estimate having 


TABLE 4 


PREDICTION BY 16-YEAR AND 20-YEAR CYCLES 
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1940 
1941 
1942 
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1944 
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17 
30 
21 
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13 
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11 
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a probable deviation of 13.7 per cent from a 
mean of probable error of 1.8 per cent is 
significantly improved by using an estimate 
having a probable deviation of 9.7 per cent 
from a mean of probable error of not less 
than 5 per cent. Statistical treatment would 
probably show a slight advantage with the 
latter procedure in the long run, for the 
simple reason that it is based on more com- 
plete use of the data. But for practical pur- 
poses any statistical, long-run gain is can- 
celled by the evident risk of an aberrant 
estimate for a given year, as shown in Table 
4. If numbers of simultaneous checks for 
estimates were available, such aberrant esti- 
mates might be faced, but predictions of an- 
nual rainfall are checked one at a time, with 
an unavoidable concentration of interest on 
the one result. 

With the present span of data, the 
averages of rainfall cycles are so subject to 
disturbance by aberrant years that any given 
year’s prediction can be in error by 20 per 
cent or more. 
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It appears that there is at least a psycho. 
logical difference between estimate and pre. 
diction. For every practical purpose we are 
forced to the conclusion that the cycle analy. 
sis does not yield predictions of useful ac. 
curacy or reliability. To offer for a given 
future year, on the present basis, a definite 
prediction for public guidance in practical 
matters would be an unwarranted presump- 
tion. 
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The Little Hearts (Corculum) of the Pacific and 
Indian Oceans 


PAUL BARTSCH?! 


FoRM, COLORATION, AND RARITY place the 
Little Hearts among the most attractive bi- 
valve mollusks of the Pacific and Indian 
Oceans. They have been prized objects of 
collectors since the early days of molluscan 
history. 

It was a pleasing surprise to receive for 
determination recently, from Dr. Asela 
Franco, 25 specimens of Little Hearts 
with copious notes on others in her col- 
lection. The surprise was justified, for 
during the cruise of the U. S. Bureau of Fish- 
eries Steamer “Albatross,” covering most of 
the Philippine Archipelago, I took only two 
specimens, on a reef at Tilig, Lubang Island. 
Dr. Franco says: “Across from Cebu City 
separated only by a small channel is the small 
island of Mactan, where Magellan was 
killed. East and south of Mactan are several 
still much smaller islands. During low tide 
one can walk from one to another of these 
islands in some places. The heart shells are 
found west, south, and east of Mactan, or in 
the waters between Cebu City and Mactan 
and between Mactan and the neighboring 
small islands on the south and east sides. 
Not only heart shells are found in these 
places, but most of my shells were collected 
there. It is my favorite collecting locality, 
as it is near the city. All these smaller 
islands mentioned belong to Cebu. 

“Heart shells are collected during low 
tide, not beyond about two feet of water. 
They are usually found among fine broken 
corals or in sandy places, the dorsal side 


* Associate, Division of Mollusks, United States 


National Museum. Manuscript received February 
26, 1947, 


221 


being buried a few centimeters deep. Some- 
times they are found flat down on the pos- 
terior side, perhaps because of the current 
during high or low tide. Rarely one could 
see them among seaweeds, and they are 
never attached to any corals or stones. They 
are not found in groups or bunches, and 
both colored and white ones or different 
types may be seen in the same region. More 
heart shells are collected during the months 
of May and June.” 

Dr. Franco’s sending is particularly rich 
in color markings, a fact which is helpful in 
interpreting what some of the names be- 
stowed by the early writers embraced. Most 
of the early specific names were based upon 
coloration. That coloration was not a con- 
stant but a variable feature was then un- 
known, and this fact was responsible for the 
list of synonyms here noted. 

Dr. Franco's collection, combined with the 
42 lots in the National Museum from vari- 
ous localities, enables me to revise the genus 
and bring the nomenclature up to date. 


Corculum Réding 


1798. Corculum Roding, Mus. Bolt., p. 188. 

1811. Cardissa Megerle von Muhlfeldt, Mag. Ges. 
Naturf. Fr. Berlin Ster Jahrg., p. 52. 

1870. Type designation by von Martens Cardium 
cardissa L. Zool. Rec. for 1869, p. 586. 


Little Hearts are members of the family 
Cardiidae. They have a thin shell which is 
anteriorly-posteriorly compressed, the two 
valves of which when viewed anteriorly or 
posteriorly present a heart-shaped outline. 
The lateral edge of the shell, i.e., the middle 
of the valves, curves forward or back de- 
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pending upon the species in question and is 
so depressed that the anterior and posterior 
sides almost touch within. The outer edge 
may be spinose, denticulate, or smooth. The 
left umbone is always curved behind the 
right. The anterior surface of the shell bears 
curved radiating cords which interlock at 
their ventral margin. They may be smooth 
or denticulated. These cords may be crossed 
by lesser concentric cords or threads. The 
sculpture of the posterior surface is weaker 
than that of the anterior. Here, too, a heart- 
shaped escutcheon is present. 


KEY TO THE SPECIES OF Corculum 


Margin of the shell strongly dentate. 
Anterior side decidedly dished........ monstrosum 
Anterior side not decidedly dished. 
Anterior and posterior sides about equally 
convex. 
Shell large (up to 66 mm. high)....cardissa 
Shell small (less than 25 mm. high)...... 


che tka Tianlacanaesasie eoeacetowenbis diese dionaeum 
Anterior side much more convex than 
WIRE IIE sis cnnsecciisecnctienninte obesum 
Margin of the shell not dentate. 
Anterior side convex....................-2....- humanum 
Anterior side concave. 
Posterior side smoothish.................... levigatum 
Posterior side radially ridged.................. aselae 


Corculum monstrosum (Gmelin) 
(Plate 2, Figure 3) 


1782. Cardium monstrosum Chemnitz, Conch. 
Cab., vol. 6, pl. 14, figs. 149-150 (non-bino- 
mial). 

1791. Cardium monstrosum Gmelin, Linn. Syst. 
Nat., ed. 13, vol. 1, pt. 6, p. 3253, no. 29. 
1798. Corculum dolorosum Réding, Museum Bol- 
tenianum, p. 189. 

1798. Corculum inflatum Réding, ibid., p. 189. 
1819. Cardium inversum Lamarck, Anim. s. Vert., 


vol. 6, p. 16, no. 46. 

Chemnitz, while giving a good description 
and figures of this species in 1782, was a 
non-binomialist and does not figure in no- 
menclature. Gmelin based his name upon 
Chemnitz’s statements and figures, and estab- 
lished the specific name C. monstrosum. 
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Réding, when he created the generic name 
Corculum, cited both Gmelin’s and Chem. 
nitz’s Cardium monstrosum as the basis for 
his Corculum dolorosum. This, therefore, is 
an absolute synonym of C. monstrosum 
Gmelin. Réding also lists Corculum infla- 
tum, a new name, which he bases upon 
Cardium monstrosum Gmelin and Favannes 
Conchyliologie, pl. 51, f. El. I am unable 
to recognize anything in our collection 
that corresponds completely with Favan- 
nes’ drawing, which I am inclined to believe 
places the escutcheon on the wrong side. To 
dispose of the name Corculum inflatum 
Réding, I am here designating his first cita- 
tion “Gmel. Cardium monstrosum’’ as type 
of Corculum inflatum Réding, which adds 
this name to the list of synonyms of C. mon- 
strosum. 

To this list must also be added the Car 
dium inversum Lamarck, which was like- 
wise based on Chemnitz’s figures 149-150. 

This species is differentiated from the rest 
by its extremely convex, comparatively 
smooth posterior side and denticulated outer 
margin. 

Shell soiled or yellowish white. The an- 
terior surface is convex along its ventral 
margin excepting at the outer edge, which is 
very strongly upturned, lending this surface 
a deeply dished aspect. It is marked by 
radiating cords which are separated by spaces 
a little wider than the cords. The cords are 
sharply spinose, the spines becoming weak- 
ened on the outer cords. The margin is 
strongly dentate. In addition, the surface is 
marked by fine threads paralleling the cords 
and stronger, very regularly disposed incte- 
mental lines. The posterior surface is vety 
convex. It bears three poorly developed, 
widely separated, finely nodulose, radiating 
cords adjacent to the escutcheon. Outward 
from these, merely indicated radiating cords 
are present. Lines of growth and radiating 
finer threads are scarcely indicated. 
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US.N.M. 543544 (Franco 1f). The specimen 
figured measures: height, 36.7 mm.; length, 20 
mm.; diameter, 35.3 mm. Dr. Franco states that 
she has one measuring: height, 49 mm.; length, 
47 mm.; diameter, 28 mm. 

In addition to the figured specimen, the U. S. 
National Museum has: 

U.S.N.M. 7673, 2 specimens from the U. S. 
Exploring Expedition, with no locality. 

U.S.N.M. 543545 (Franco 2a), 1 specimen. 

U.S.N.M. 543546 (Franco le), 1 specimen. 

U.S.N.M. 543547 (Franco 1d¢), 1 specimen. 

U.S.N.M. 344829a (Hirase 2813), 2 specimens 
from Osima, Osumi, Japan. 


Corculum cardissa (Linnaeus) 


(Plate 1, Figure 3) 


1705. Cartissae, Hertjes, etc. Rumphius Am- 
boinsche Rareteitkamer, pl. 42, fig. E, p. 132, 
in part. 

1758. Cardium cardissa L., Syst. Nat., p. 678, no. 
59. 

Linnaeus adopted Rumphius’ name, 
placing it in his genus Cardium as Cardium 
cardissa. He cites Rumphius’ plate 42, figure 
E. Rumphius states that the most and best 
are found on Nussalaut (now called Noesa- 
laoet Island) and a few on Hitoe Island. 

Rumphius, in addition to the one figured, 
recognized two other forms which he de- 
sctibed in his text and which have subse- 
quently received names, as will be stated in 
the following pages. 

The striking features of this species are its 
large size and the strong, slender, almost 
spinose denticles of the outer edge of the 
valves. The two sides are about equally con- 
vex on the early shell. In adult shells the 
outer edge curves anteriorly, leaving the 
valves between the outer edge and the middle 
concave, or dished. The anterior surface is 
marked by rather broad, depressed radiating 
cords which are about as wide as the spaces 
that separate them. These cords bear nodules 
which are quite regularly distributed in ver- 
tical as well as horizontal series. They are 
best developed in the early part of the shell. 
In the spaces separating the radiating cords 
fine threads are present, which are crossed 
by closely spaced transverse threads. The 
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posterior valve bears the horn-colored, heart- 
shaped escutcheon near the umbones which 
is followed usually by four or more broadly 
triangular ridges bearing regularly distrib- 
uted cusps on their crests. Between these 
cords and the denticulated outer edge, 
weakly developed and more closely spaced 
cords are present. The spaces between the 
cords show fine threads paralleling the cords, 
while regularly, closely spaced, stronger 
threads cross them. 

The coloration of the anterior surface may 
be soiled white, or yellowish white, or yellow 
unicolor, or slightly rayed. 


One specimen, U.S.N.M. 543548 (Franco's 3e), 
has a dark brown umbonal pit. The posterior 
side usually shows a watered-silk effect, the pat- 
tern being arranged in both radiating and con- 
centric series. 

One specimen, U.S.N.M. 543549 (Franco’s 3a), 
has a series of bright red spots arranged in radi- 
ating series. 

U.S.N.M. 543550 (Franco’s 3) has the outer 
edge of the basal part rose-red on both sides. 

The specimen figured, U.S.N.M. 543551 
(Franco’s 1a), measures: height, 56.2 mm.; 
length, 27.8 mm.; diameter, 52.7 mm. Our largest 
specimen, U.S.N.M. 7673, one of a series of 
14 obtained by the U. S. Exploring Expedition 
bearing the label ‘Pacific Islands,” measures: 
height, 66.5 mm.; length, 31.2 mm.; diameter, 
63.2 mm. 

U.SN.M. 131464, 1 specimen from India.’ 
U.S.N.M. 321687, 5 specimens from Nicobar 

Islands.’ 

U.S.N.M. 7673, 14 specimens from the Pacific 

Islands (Exploring Expedition). 

U.S.N.M. 75908, 1 specimen from the Indo- 

Pacific. 

U.S.N.M. 2544, 2 specimens (no locality). 
U.S.N.M. 75396, 2 specimens from the Indo- 

Pacific. 

U.S.N.M. 120183, 1 specimen from the Indo- 

Pacific. 

U.S.N.M. 17465, 1 specimen from the East 

Indies. 


* The Indian Ocean specimen measures: height, 
42 mm.; length, 17.2 mm.; diameter, 38.8 mm. 
The largest Nicobar specimen measures: height, 
38 mm.; length, 15.7 mm.; diameter, 34.1 mm. 
It is quite possible that the specimens from the 
Indian Ocean may represent a smaller race that 
may require a name in the future. 
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U.S.N.M. 32046, 1 specimen from the Indo-Pa- 
cific. 

U.S.N.M. 543552 (Franco 1b), 1 specimen from 
Cebu, P. I. 

U.S.N.M. 543553 (Franco 1g), 1 specimen from 
Cebu, P. I. 

U.S.N.M. 543554 (Franco 3f), 1 specimen from 
Cebu, P. I. 

U.S.N.M. 543555 (Franco 1), 1 specimen from 
Cebu, P. I. 

U.S.N.M. 543556 (Franco 4), 1 specimen from 
Cebu, P. I. 

U.S.N.M. 543557 (Franco 4a), 1 specimen from 
Cebu, P. I. 

U.S.N.M. 543558 (Quadras Coll.), 1 specimen 
from Balagnan Island, Surigao District, Min- 
danao, P. I. 

U.S.N.M. 248248, 2 specimens from Tilig (reef), 
Lubang Island. 

U.S.N.M. 1074, 1 specimen from Loochoo Island. 

U.S.N.M. 344827, (Hirase Coll. 2811), 3 speci- 
mens from Riukiu Islands, Japan. 


Corculum dionaeum (Broderip and Sowerby ) 
(Plate 2, Figure 2) 
1828. Cardium dionaeum Broderip and Sowerby, 

Zool. Jour., vol. 4, p. 367. 

1836. Cardium unimaculatum Broderip and Sow- 

erby, Proc. Zool. Soc. London, pp. 84, 85. 
1845. Cardium dionaeum Reeve, Conch. Icon., 

pl. 21, fig. 122. 

The small size of this species is its most 
characteristic feature. Its range, too, is far 
from that of the other forms here noted. 
The presence of a color mark or marking 
noted for C. unimaculatum, which appears 
to be its only difference from C. dionaeum, 
does not seem to warrant separating the two. 
They appear from the literature to have the 
same distribution. Broderip and Sowerby in 
describing the species state that it was col- 
lected by Lieut. Belcher during Beechey’s 
voyage on some island in the south Pacific. 
Reeve cites Anaa as its habitat. Broderip 
and Sowerby also cite Anaa as the place in 
which Cuming collected wnimaculatum. 

Shell small, usually white, sometimes with 
red about the escutcheon or various other 
marking. The anterior surface is marked 
with radiatingly curved, rather heavy cords 
which become broader and flatter toward 
the outer margin. They are nodulose, the 
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nodules being gradually reduced in strength 
as the cords widen. Microscopic radiating 
lines are present on the cords and in the 
spaces that separate them. The entire sur- 
face is also marked by closely spaced, wavy 
incremental lines. The posterior side bears 
the rather long escutcheon below which are 
three nodulose cords and beyond this is a 
series of low, flattened, broad, radiating 
ridges separated by mere impressed lines. 
These ridges are of about the same strength 
as those in the equivalent part of the anterior 
surface. Here, too, the fine radial and incre- 
mental sculpture is present. 

The specimen figured, U.S.N.M. 75955, 
was collected by Pease in the Paumotu 
Islands. It measures: height, 21.8 mm; 
length, 9.5 mm.; diameter, 18.2 mm. 


In addition I have seen the following speci- 
mens: 


U.S.N.M. 128480, 5 specimens from Anaa 
Island. 

U.S.N.M. 76814, 4 specimens from Paumotu 
Islands. 

U.S.N.M. 76120, 2 specimens from Paumotu 
Islands. 

U.S.N.M. 42325, 4 specimens from Paumotu 
Islands. 

U.S.N.M. 363437, 1 specimen from Mangaia 


Island, Cook Islands. 

U.S.N.M. 423441, 1 specimen from Lifu. 

U.S.N.M. 320464, 2 specimens from the Indo- 
Pacific. 

U.S.N.M. 17468, 1 specimen from the Pacific 
islands. 


Corculum obesum, new species 
(Plate 1, Figure 2) 


The distinctive characters of this species 
are the extreme obesity of the anterior sut- 
face combined with the concave ventral side, 
the margin being denticulated as in C. 
cardissa. 

This species appears to be less in size than 
C. cardissa. The anterior surface is very 
greatly elevated, whereas the posterior is only 
slightly elevated near the escutcheon and 
concave from there to the outer margin. The 
anterior surface is marked by radiating nodu- 
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lose spiral cords separated by spaces as wide 
as the cords bearing fine threads. Slender, 
closely spaced, incremental threads cross the 
radiating sculpture. The posterior surface 
has the heart-shaped escutcheon which is 
bordered by three low, broad, strongly nodu- 
lose ridges which extend over the elevated 
part of the shell. The concave part is marked 
by low flat cords separated by slight depres- 
sions, which grow wider from within out- 
ward. Wavy incremental lines render the 
cords feebly nodulose. The outer margin of 
the shell is strongly denticulated. The color 
of the specimens before me is white anteri- 
oly, with a water-silk effect posteriorly. 

The type, U.S.N.M. 543559 (Franco 14), comes 


from Cebu. It measures: height, 36.1 mm.; length, 
18 mm.; diameter, 29.9 mm. 

U.S.N.M. 152449 contains 2 specimens from 
Yokohama, Japan. U.S.N.M. 127623 contains 1 
from Okinawa Island. U.S.N.M. 74469 contains 
a young specimen referable here, obtained by the 
U. S. Exploring Expedition; it bears the locality 
“East Indies.” Another young specimen, U.S.N.M. 
128487, has no locality data. 


Corculum humanum Réding 
(Plate 2, Figure 4) 

1782. Cardium humanum Chemnitz, Conch. Cab., 
vol. 6, pp. 153-154, pl. 14, figs. 145-146 (non- 
binomial ). 

1782. Cardium roseum Chemnitz, Conch. Cab., 
vol. 6, pp. 154-155, pl. 14, figs. 147-148. 

1798. Corculum humanum Réding, Museum Bol. 
tenianum, p. 189. 

1819. Cardium junoniae Lamarck, Anim. s. Vert., 
vol. 6, p. 17. 

Riding based his name upon Cardium 
humanum Chemnitz. Chemnitz, being a non- 
binomialist, has no status in nomenclature; 
the species therefore dates from Réding. 
Chemnitz states that his specimen came from 
the Nicobar Islands. He also says that it is 
present in the Greater and Lesser Moluccas. 

Lamarck included C. humanum in his 
Cardium junoniae, in which he also placed 
Cardium roseum Chemnitz; I agree with 
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him. His C. junoniae therefore is a pure 
and simple synonym of C. humanum. 

In this species the shells attain a large 
size. The margin is not spinose or denticu- 
late. The anterior side is convex and the 
posterior is dished with the margin bent in- 
ward (not outward as in C. aselae). 

Shell large, white, yellowish, unicolor or 
variously spotted or streaked with bright red 
or suffused or washed with paler shades of 
red, yellow, or orange. The anterior side is 
well elevated and marked by strong, rather 
broad nodulose radiating cords between and 
upon which moderately strong parallel 
threads are present. The strong cords widen 
and weaken gradually edgeward. The incre- 
mental sculpture consists of very regular, 
somewhat flattened threads which are sepa- 
rated by spaces almost as wide as the threads. 
The posterior side is deeply concavely dished 
for the outer two thirds of its surface. The 
convex area adjoining the escutcheon bears 
4 spinose cords; between these and the outer 
edge low flattened cords are present, which 
gradually grow wider from within outward. 
Fine threads and incremental lines reticulate 
the entire surface. 


The specimen figured, U.S.N.M. 543560 
(Franco 2), measures: height, 43 mm.; length, 18 
mm.; diameter, 38.9 mm. 


In addition, I have seen the following speci- 
mens referable here: 


U.S.N.M. 168710, 2 specimens from the Indian 
Ocean. 

U.S.N.M. 488017, 1 specimen from the U. S. Ex- 
ploring Expedition with Pacific islands as 
locality. 

U.S.N.M. 17466, 1 specimen from the East Indies. 

U.S.N.M. 168709, 2 specimens from the China 
Seas. 

U.S.N.M. 543561 (Franco 3g), 1 specimen from 
Cebu. 

U.S.N.M. 543562 (Franco 34), 1 specimen from 
Cebu. 

U.S.N.M. 543563 (Franco 3j), 1 specimen from 
Cebu. 

U.S.N.M. 543564 (Franco 3k), 1 specimen from 
Cebu. 
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U.S.N.M. 90301, 1 specimen from the Philippines. 
U.S.N.M. 304240, 1 specimen from Japan. 


U.S.N.M. 344828 (Hirase 2812), 3 specimens 
from Osima, Osumi, Japan. 


Corculum levigatum, new species 
(Plate 1, Figure 1) 


This species resembles C. monstrosum, 
but differs from it in being flatter, with the 
margin not denticulate. The anterior side is 
moderately elevated at the ventral edge. The 
outer margin is decidedly upturned, a shape 
which lends the side of the shell a dished 
appearance. The surface is marked by strong 
radiating cords, the inner of which are 
weakly nodulose, while the outer are devoid 
of them. These cords are separated by 
spaces equaling the cords. Both the cords 
and the spaces between them are marked by 
fine threads that parallel them, and by very 
regular transverse incremental lines which 
are closely spaced and only a trifle stronger 
than the threads. The posterior surface is 
marked by low, broad radiating cords sepa- 
rated by shallow spaces a little narrower 
than the cords. Of these cords, those near 
the escutcheon show only traces of denticles. 
The finer radial sculpture is almost absent, 
while the incremental markings are very 
regularly spaced threads separated by spaces 
as wide as the threads. 


The type, U.S.N.M. 543565, was obtained by 
the U. S. Exploring Expedition and bears no spe- 
cific locality label. It measures: height, 47.5 mm.; 
length, 20.1 mm.; diameter, 43.4 mm. 


In addition to the type I have seen the follow- 

ing specimens: 

U.S.N.M. 7673, 2 additional specimens from the 
same source. 

U.S.N.M. 17467, 1 specimen from the East 
Indies. 

U.S.N.M. 2544, 1 specimen obtained by the U. S. 
Exploring Expedition in the East Indies. 

U.S.N.M. 1687094, 1 specimen from China. 


U.S.N.M. 344829 (Hirase 2813), 1 specimen from 
Osima, Osumi, Japan. 
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Corculum aselae, new species 
(Plate 2, Figure 1) 


This species has the anterior side mod- 
erately dished, but the extreme edge in 
mature shells is bent posteriorly; the pos- 
terior side is also rather strongly ridged 
radiately. In some features it recalls ¢. 
levigatum, but the latter has the posterior 
side uniformly dished and much smoother. 

The color of this species is extremely 
variable, ranging from white through yellow 
and orange to rose. These shades may ap- 
pear in more or less solid tints or in inter- 
rupted or continuous rays or bands. 

The anterior side is convex on the inner 
half, then gradually becomes concave on the 
rest of its surface. It is marked by strong 
radiating ridges which are about as wide as 
the spaces that separate them. The inner of 
these cords are strongly nodulose, but the 
nodules gradually become weaker outwardly 
until they are scarcely perceptible on the outer 
cords. Fine threads paralleling the ridges are 
present in the spaces between the cords, while 
weak incremental lines cross them. The pos- 
terior side is well elevated adjacent to the 
escutcheon and here bears four low, rather 
broad, weakly nodulose radiating ridges. 
Outside this area the shell is less convex, 
with the outer edge slightly upturned. This 
surface is marked by depressed radiating 
ridges separated by mere impressed lines, 
and by very regular slender, closely spaced 
incremental threads. 


The type, U.S.N.M. 543566 (Franco 34), 
measures: height, 44.2 mm.; length, 17.8 mm; 
diameter, 38.3 mm. (Near Cebu City, Cebu.) 


In addition to the type, we have the following 
specimens: 
U.S.N.M. 543567 (Franco 3c). 
U.S.N.M. 543568 (Franco 3/). 
U.S.N.M. 543569 (Franco 3m). 
U.S.N.M. 543570 (Franco 1c). 


U.S.N.M. 344829 (Hirase 2813), 1 specimen col- 
lected at Osima, Osumi, Japan. 

















PLATE I. Corculum of the Pacific and Indian Oceans. (natural size) 














PLATE II. Corculum of the Pacific and Indian Oceans. (natural size) 
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The Skeletons of Recent 
Harvey I. 


A STUDY OF THE SKULLS of the cathartid 
vultures (Fisher, 1944: 272-296) revealed 
certain fundamental differences in the con- 
formation and proportions of skulls of 
Recent Gymnogyps californianus and fossil 
Gymnogyps from the tar pits of the Rancho 
La Brea Pleistocene. Even though some of 
these differences were slight morphologi- 
cally, their presence in areas of minimal vari- 
ation such as the occipital ring of bones, the 
basitemporal area, and the posterior palatal 
region indicated that the Recent and fossil 
condors were not identical. Further, the 
magnitude of other differences and the 
absence of overlap in the ranges of certain 
significant measurements demonstrated that 
two species probably were involved. 

Before that study was made, it was be- 
lieved that the fossils from the Pleistocene 
of Rancho La Brea belonged to californianus, 
as did all Recent birds of this genus. There 
remained, however, the species amplus, 
from the Pleistocene deposits of Samwel 
Cave in northern California. Further study 
of amplus showed it to be conspecific with 
the Rancho La Brea specimens because the 
characters by which it had first been dif- 
ferentiated were shown to be identical in 
specimens from the two deposits. As a 
result, the name californianus was restricted 
to the living form of Gymmnogyps, and 
amplus applied to all the Pleistocene speci- 
;mens known from western North America. 
| It has been suggested that the two stocks 
of condors represent subspecies of the same 
ispecies, i.e., chronological subspecies. There 
may be a chronocline with the mean size of 


‘Department of Zoology and Entomology, 
University of Hawaii. Manuscript received 
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the individuals of the population decreasing 
from Pleistocene to Recent times. If this be 
true for this species, as has been found for 
other warm-blooded species, the fact might 
illustrate Bergmann’s rule in a temporal 
rather than a geographic way. Although this 
present analysis of the skeleton tends to bear 
out the belief that two subspecies are in- 
volved, it is still necessary to consider the 
major specific differences in the skulls, and 
to remember that the skeletal elements 
studied in this investigation are in general 
more plastic and more subject to the influ- 
ence of external environmental conditions 
than are the bones of the skull. Thus, one 
would expect to find in these elements a 
greater similarity between the two series of 
specimens. 

At present the only criteria by which 
these two species can be segregated are skull 
characters. Except in the oil deposits of 
southern California, fossil deposits seldom 
contain complete skulls of birds. Hence, it 
seemed desirable to obtain some means of 
separating the two species on the basis of 
other bony elements. For that reason, pri- 
marily, this study was undertaken. Second- 
arily, it seemed pertinent to test the often- 
repeated assumption that “Pleistocene forms 
are more variable than Recent forms.’ It 
has been noted previously that paleontolog- 
ical series of a species often do show consid- 
erable variability. This variability may be 
explained in two ways: (1) the fossil species 
actually is more variable; (2) the series is 
inadequate and heterogeneous because of age 
and sex factors that cannot be determined 
and because the series often comes from 
various localities and from deposits of dif- 
ferent ages. 
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The abundant series of G. amplus from 
the Rancho La Brea provided ample speci- 
mens for an adequate series from one local- 
ity of known age; no sub-Recent specimens 
were included. The Pleistocene tar pits may 
have operated over a period of several thou- 
sands of years, but of all the known avian- 
bearing horizons these are perhaps the most 
accurately restricted chronologically. The age 
factor was minimized by selecting well- 
ossified and completely fused bones for both 
the Recent and fossil series. Sexual varia- 
tion is of minor importance in these condors 
because it was found (Fisher, 1946: 547) 
that the sexes of the Recent species do not 
vary significantly in their skeletal measure- 
ments; hence, in the present study the sexes 
were lumped. With these factors causing 
variability eliminated, any variation in the 
am plus series could result only from a cer- 
tain inherent variability in the homogeneous 
stock, or possibly from inclusion of hetero- 
geneous stocks trapped in the oil at various 
times during the Pleistocene. To measure 
this variability the coefficient of variation 
was calculated for each skeletal element 
studied. 

Measurements and ratios of the several 
bones are presented in the tables. In these 
can be found some 3,000 measurements that 
were made with dial calipers. The range, the 
mean and its error, the standard deviation 
(o) and its error, and the coefficient of 
variation (V) are given in Tables 1 to 14. 
Slight discrepancies are present in the third 
place of some of the figures because many 
of the computations were of necessity made 
with only a slide rule. The magnitude of 
the standard deviations was used to check 
the adequacy of the sample when compared 
to the observed range and mean. This check 
is based upon the fact that an observed 
range equal to 6o approximates the real 
range and that an observed range of 40 prob- 
ably includes about 95 per cent of the real 
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range, whereas an observed range of 2¢ js 
about equal to 68 per cent of the actu 
range. The means were compared in various 
ways. For example, the formula d/o was 
used in comparing the means of large 
samples, and the familiar “‘t’’ test was used 
in comparing smaller samples. In a few 
instances both tests were applied to a single 
element. The value o 4 may be obtained in 
two ways (Simpson and Roe, 1939: 192- 
193). Formula 1: 








a\Nai va 
1 


N, ™'N 


is designed to test the hypothesis that both 
the means and the variances are likely to be 
the same in the populations from which the 
two samples are taken. Formula 2: 


%=\/o? + o* 
m ' mz: 


is used to determine the possibility that the 
two series differ significantly in the mean of 
a variate, and it assumes that the sample 
estimates of variance are near the true popv- 
lation values. Needless to say, a significant 
test from either formula indicates that the 
populations are likely to be different. Be- 
cause some workers prefer the first formula 
and others the second and because it is of 
considerable interest to note the varying 
results when the two formulae are applied 
to the same data, both formulae were used 
in this study, and the results of all the sig 
nificance tests are given in Tables 15 and 16. 

In addition to this statistical analysis, a 
careful qualitative comparison was made of 
each element available for the two species. 
This later comparison, however, proved 
valueless, for no skeletal elements other 
than those of the skull could be identified 
on the basis of qualitative characters alone. 
Thus the present paper is essentially a study 
of absolute and relative measurements, theit 
variance, and their importance in identifying 
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the species under study. However, the data 
presented may also be of use in future studies 
of the tempo and mode of evolution as 
defined and studied by Simpson (1944). 


Acknowledgments: I wish to express my 
gratitude to Dr. George G. Simpson for 
many helpful suggestions, and to acknowl- 
edge the use of facilities at the Los Angeles 
County Museum and the Museum of Verte- 
brate Zoology, Berkeley, California, where 
much of the work was done. 


DISCUSSION OF MEASUREMENTS 


In Table 1 the measurements of the wing 
demonstrate that the mean wing length of 
amplus is 4 per cent greater than in californ- 
ianus; the maximum length in amplus is 8 
pet cent greater, but the minimum lengths 
are about the same. It should be noted, 
however, that the entire range of wing 
lengths in californianus is within the limits 
of the range of amplus. Consequently, the 
species could not be separated on the basis 
of wing length, even if associated skeletons 
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TABLE 1 
MEASUREMENTS OF THE WING (mm.)* 
NO. 
SPEC- | MEAN MAX, MIN 
IMENS 
Humerus ................ { 11 267 274 262 
1 60 | 276 | 292 | 260 
Ulna ........................| § 8 | 313 | 320 | 305 
13a | $22 345 304 
Metacarpus ............ { 3 | 132 133 131 
118 | 139 148 129 
Digit II, phalanx 1| [ 6 53.4) 54.0) 52.1 
l 74 54.8| 60.5} 51.3 
Digit Il, phalanx 2| [ 4 43.9| 448| 43.4 
1 26 50.2} 52.7| 47.0 
Total length Fame cen? 809 826 794 
842 | 899 | 791 














* First row of figures under each category pertains to 


californianus, the second row to amplus. 


of the fossil were available. 


A statistical 


study of the intramembral proportions of the 
wing shows no significant differences be- 


tween the two species. 


In no raw measurement (Table 2) of in- 
dividual humeri do the species differ; in the 
series the fossil form is always largest, but 
all the ranges overlap considerably. Signifi- 






































TABLE 2 
MEASUREMENTS (mm.) AND PROPORTIONS OF THE HUMERUS* 
NO. ; Saipi 
SPEC- RANGE MEAN STANDARD COEF FICIENT 

IMENS DEVIATION VARIATION 

STEERED i 11 262-274 267+1.2 3.93+ .84 1.47+ .31 
60 260-292 276+ .95 7.32 .67 2.65 .24 

Greatest proximal width ............ i 2 48.2-53.3 50.3 .42 1.51+ .30 3.00+ .59 
. 52 50.2-57.5 53.74 .25 1.82+ .18 3.394 33 

Greatest distal width .................. : “4 eae po cesescsenenenens | ansananennsnenee 
Length bicipital crest .................. | i = pte — wesweewesnssness | nesannnannennnne 
Length deltoid crest .................... | 97-119 105+ 1.87 6.47+1.32 6.164 1.32 
: l 59 113-129 120+ .57 441+ 41 3.67 .34 

PROPORTIONS OF HUMERUS 

Proximal width : length .............. il 18.2—19.6 18.6 .13 44+ .09 2.33 50 
52 18.1-20.6 19.5 .03 .20+ .02 1.03 .10 

Distal width : length .................... | - a ae bi a rs 
Bicipital length ; length .............. jo aden a a coe 
Deltoid length : length f a1 | 36.5-42.7 39.2+ .64 2.12+ .45 5.4 +1.2 
l 59 40.4-46.8 43.6 .16 2 t 2 2.75+ .25 

















i a ° ” . 
First row of figures under each category pertains to californianus, the second row to amplus. 


cance tests on humeral length, proximal 
width, and length of deltoid crest (Table 
15) demonstrate that the means of the two 
series are significantly different. The ranges 
of all intramembral ratios calculated for the 
humerus overlap, but the significance tests 
show that the means are statistically differ- 
ent. The bone is in all dimensions heavier 
in the fossil. With the exception of the co- 
efficient of variation for length of the deltoid 
crest, all these coefficients are greater in 
am plus than in californianus. The relatively 
greater V for this crest in the Recent species 
may be an indication that the length of the 
crest is now undergoing a change. Through- 
out Table 2 the standard deviations for 
measurements made on californianus indi- 
cate that the sample probably was sufficiently 
large to include 80 to 95 per cent of the 
actual range. On this same basis the sample 
of amplus was distributed over the range 
that would be expected for 90 per cent of 
the whole population. 

Table 3 shows that absolute measurements 
of the ulna for the two series overlap in 
every instance. Significance tests on ulnar 
length indicate that there is 1 chance in 20 
that the two series could have come from 
the same population; further, the means are 
significantly different. Tests (Table 15) on 
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TABLE 4 


LENGTH OF THE METACARPUS (mm.)* 


Number of specimens 3 
l= 118 

§ 131-133 
L 129-148 
§ 1324.61 
U 139%.37 
§ 1.05443 
| 4.06+.26 


Coefficient of variation .......................... § 80 
1 2.92+.19 


* First row of figures under each category pertains to 
californianus, the second row to amplus. 


distal and proximal widths of the ulna te- 
vealed that means of the two series are statis- 
tically distinct. Raw ratios of a single ulm 
cannot be used to identify the species, but 
again the means of ratios for the two series 
are significantly different. As regards the 
ulna, the coefficient of variation in amplus 
is larger than in californianus in one instance, 
smaller in three, and about equal in another. 
Although the sample for the Recent condor 
was small, it probably includes about 80 per 
cent of the expected range of variation of 
the entire population. 

The available number of metacarpal ele 
ments of the modern condor was too small 
for reliable treatment, but the metacarpu 
seems to be significantly longer in the fossil 
(Tables 5 and 15). 


TABLE 3 
MEASUREMENTS (mm.) AND PROPORTIONS OF THE ULNA* 








NO. 
SPEC- 
IMENS 


RANGE 





MEAN STANDARD 


DEVIATION 


COEF FICIENT 
VARIATION 





- 
31 


f 8 


305-320 
304-345 
28.9-32.7 
25 32.2-36.7 

8 16.1-—25.0 
23.6-27.9 


3131.75 
3222.2 
31.1+ .46 
34.3 .28 
20.6 1.39 
25.8+ .10 


4.96+1.24 
122 1355 
1.302 .33 
141+ .20 
3.92 .98 
54 .07 


1.56 .« 
3.79= . 
41741. 
4ut. 
19.0 +4. 
2.09 . 





PROPORTIONS OF ULNA 





Proximal width : length 


Distal width : length .................... 








9.3-10.3 
9.9-11.0 
5.2-7.9 
7.4-8.6 


312+. 
2.00+ . 
17.7 +4. 
3.522 Al 


9.94 .11 
10.5 + .04 
6.58 .41 
7.95 .05 


3S 4 
as 3 
LM. 
aes J 














* First row of figures under each category pertains to californianus, the second row to amplus. 
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TABLE 5 


LENGTH OF THE PHALANGES OF THE WING (mm.)* 








No. | 
SPEC- 
IMENS 





RANGE 


MEAN 


STANDARD 
DEVIATION 


COEF FICIENT 
VARIATION 





Digit III 


i 5 
17 


i 4 
26 








5 
17 


38.7—40.5 
39.1-42.6 
52.1-54.0 
51.3-60.5 
43.4-44.8 
47.0-52.9 
34.0-36.2 
33.3-36.7 





39.7 .30 
41.0+ .26 
53.4 .23 
548+ .24 
43.9% .31 
50.2+ .32 
35.0+ .35 
34.8 .22 





66 .21 
1.06 .18 
56 .16 
2.03 .17 
62 .22 
1.64+ .23 
79 .25 
90+ .15 





1.66 .52 
2.59% .44 
1.05 .30 
3.70 .30 
1.40+ .50 
3.27+ .45 
2.26+ .71 
2.59 .44 





* First row of figures under each category pertains to californianus, the second row to amplus. 


TABLE 6 


MEASUREMENTS (mm.) AND PROPORTIONS OF THE STERNUM* 





~ | NO 
SPEC- 
IMENS 


RANGE 


STANDARD 
DEVIATION 


COEF FICIENT 
VARIATION 





148-168 
160-176 
126-148 
139-153 
31-36 
32.7-39.8 
73-80 
76-82 


1582.20 
1682.10 
1392.50 
147+1.68 
33.5+ .47 
35.6 .52 
75.5£1.08 
79.4 .85 


6.26 1.5 
4.79+1.51 
7.20£1.8 
5.05+1.19 
1.344 .34 
1.79 .37 
2.85+ .76 
2.07+ .60 


3.96 .99 
2.85+ .90 
5.18 1.30 
343+ 81 
4,.00+ 1.00 
5.03+ 1.03 
3.77+1.01 
241i .75 





PROPORTIONS OF TH 


E STERNUM 





Keel length : length 
Keel height : keel length 


Anterior width : length 








83.1-91.7 
87.1-94.2 
22.6-26.2 
23.1-26.9 
45.9-49.3 
45.3 





87.71.10 
89.81.19 
24.2 .45 
24.6 .46 
47.6 .49 
45.3 





3.10 . 
265 
1.28t . 
139 . 
1.30 . 





3.53+ .88 
2.95+ 94 
5.29 1.32 
5.65+ 1.33 
2.73 .73 








* First row of figures under each category pertains to californianus, the second row to 


MEASUREMENTS OF THE CoRACOID (mm.)* 


TABLE 7 


amplus. 








NO. 
SPEC- 
IMENS 





RANGE 


MEAN 


STANDARD 
DEVIATION 


COEF FICIENT 
VARIATION 








{ 22 
99 

24 

' 100 


1s 
99 








15 
100 


101-113 

111-128 

9.3-13.9 
10.9-15.8 
13.4-17.4 
14.8-18.9 
19.9-21.6 
20.0—23.5 





109+ .63 
117+ .36 
12.1+ .24 
13.2 .09 
16.1 
16.7 
20.7 
21.9 





2.96+ .45 
3.56 . 





2.72+ Al 
3.06 .22 


9.83 1.42 





* First row of figures under each category pertains to californianus, the second row to amplus. 
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Digit I of the wing is not separable in the 
two series; the ranges overlap, but the means 
of total length are statistically different. 
Length of phalanx 1 of digit II may or may 
not be a good criterion to separate the spe- 
cies, for tests (Table 15) show that the 
means and variances could have come from 
a single stock, although the tests for differ- 
ences in the means only show them to be 
significantly different. Phalanx 2 of digit II 
shows a highly significant difference in 
mean length between the two series. The 
length of digit III is in no way significantly 
different in the series under study (Tables 
5 and 15). In all measurements of length 
of digits the coefficient of variation is greater 
in zm plus, but this fact results at least in part 
from the few specimens of californianus that 
were available. In the latter series the range 
of the sample is perhaps equivalent to about 
70 per cent of the actual range, but in 
am plus the sample is representative of more 
than 90 per cent of the whole population. 

Relatively few specimens of the sternum 
were available for study (Table 6), but 
statistically the series of californianus may be 
representative of about 85 per cent of the 
actual stock. The series for am plus exhibits 
about 85 to 95 per cent of the probable 
range of variation of the total population. 
In every measurement of the sternum the 
ranges overlap. Thus, raw measurements 
are of no value in distinguishing the two spe- 
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TABLE 8 
SPREAD OF THE FURCULUM (mm.) 

californianus amplus 
Number of specimens............ 8 10 
a ee 81-102 92-114 
SEI 96.0£2.5 100+23 
Standard deviation ................ 7IS18B 7.341 
Coefficient of variation ...... . PSRiS Fee 


cies, although the fossil is larger in each 
instance. Significance tests (Table 16) on 
the means of sternal measurements show sig- 
nificant differences. Ratios showing intr. 
membral proportions of the sternum do not 
vary significantly between the two species 
(Tables 6 and 16). 

To judge from the extent of the standard 
deviation, the samples of the coracoids avail- 
able for the two series are adequate to repre 
sent about 95 per cent of the total popul:- 
tion. In no raw measurement can individual 
coracoids of the two forms be distinguished. 
In the fossil the coracoid is largest in every 
dimension, but comparable ranges overlap. 
Results of the significance tests show that 
the two series differ significantly in their 
means. The coefficient of variation for cor:- 
coidal length is greater in am plus, but the V 
for depth of shaft is larger in californianus, 

Although the mean spread of the furc- 
lum is greatest (Table 7) in amplus, the 
means do not differ significantly (Tables 15 
and 16). 

The series of scapulae for californianu: 
probably are representative of 95 per cent of 


TABLE 9 
MEASUREMENTS (mm.) AND PROPORTIONS OF THE SCAPULA* 








NO. 





























SPEC- RANGE MEAN STANDARD COEFFICIENT 
IMENS DEVIATION VARIATION 
heat § 23 105-120 115+ .78 3.74+ .55 3.25+ 48 
ee cerns aeemrnnnerons ) 11 119-132 124+1.10 3.78+ 81 3.05+ .65 
, , 23 9.1-11.9 10.7+ .13 60+ .09 5.61+ 83 
WER ates of Minds... 11 | 10.7-12.6 11.3 .18 58+ .12 5.13+1.09 
PROPORTION 

on. 23 7.6-10.3 ? ew 

Width : length -..--ennnoonenee { 11 8.2-10.2 a eee Bee 











* First row of figures under each category pertains to californianus, the second row to amplus. 
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Skeletons of Recent and Fossil Gymnogyps—FISHER 


TABLE 10 
MEASUREMENTS OF THE LEG (mm.)* 




















: NO. 
SPEC- MEAN MAX, MIN. 
IMENS 
fat lf AB | | AS | Be 
roars mm Hf 2 | 88 | 38 | 2 
Tarsometatarsus .... i aa i = 7? 
Digit III (total) ~1f - sea 98 
rate tom lf | 88] BS) 2 
Phalanx 2} 93 | 38! 3r8| 306 
Phalanx 3} 93 | 303] 357] 263 
Total length ......... i - $79 38 











* First row of figures under each category pertains to 
californianus, the second row to amplus. 


the true population. The series for amplus 
includes about 90 per cent of the variants 
in that species. The means of scapular length 
and width are greater (Table 9) in the fos- 
sil, and tests showed the difference in scapu- 
lar length to be highly significant (Table 
15). There is no significant difference in 
the ratios of width to length of the scapula. 
The coefficients of variation for both mea- 
surements are greater in californianus than 
in am plus. 

Leg lengths as shown in Table 10 demon- 
strate a greater difference between the spe- 
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cies than do the wing lengths. Mean leg 
length in am plus is 8 per cent greater than in 
californianus; maximum length is 15 per 
cent greater in the fossil form, and minimum 
length is about the same in two species. 
Ratios of the lengths of the various elements 
to total leg length show that there is no 
apparent difference in the proportions of the 
leg in the two species. 

Femora of californianus that were mea- 
sured are characteristic of about 85 to 95 per 
cent of the total population. The series of 
femora for amplus includes about 95 per 
cent of the expected range of the actual pop- 
ulation (Table 11). Individual femora of 
either species cannot be identified on the 
basis of any femoral measurement taken in 
this study. In each dimension amplus is 
larger, and within the series the differences 
of the means are highly significant (Table 
15). All coefficients of variation (with one 
exception) are larger in the Recent condor 
than in the fossil. 

The tibiotarsi of the two series are in- 
separable on the basis of raw measurements 
(Table 12). Total length and length of 
fibular crest are greater in amplus. It is in- 
teresting to note that the distal end of the 
tibiotarsus is relatively slender in am plus, as 
is the distal end of the ulna. Table 15 shows 
that the differences in mean length of the 
tibiotarsi are highly significant. The ab- 
normally low coefficients of variation for 


TABLE 11 


MEASUREMENTS OF THE FEMUR (mm.)* 





























No. 

SPEC- RANGE MEAN STANDARD COEFFICIENT 

IMENS DEVIATION VARIATION 

"7 f 19 132-147 138+ 1.00 4.35 .71 3.15+ .51 
cae ee Ae a a t 100 136-159 147+ .40 391+ .28 2.66 .19 

Proxi tiene { 19 29.4—34.9 31.1 .33 1.43 .23 4.60 .75 
roximal trans. diameter 1 100 319-382 345+ 13 1.30 .09 3.77 27 
Di dee 20 33.0-37.2 34.3+ .26 116+ .18 3.38 .53 
istal trans. diameter ......... i 99 344-403 370+ 12 121+ .09 327+ .23 
Least Slemeetee choke 19 14.8-17.4 i’ ne ee 
iameter shaft i 99 14.6-18.4 CS a a me 





* First row of figures under each category pertains to californianus, the second row to amplus. 
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TABLE 12 


TIBIOTARSUS (mm.)* 





































NO. ee 
SPEC- RANGE MEAN STANDARD COEFFICIENT 
IMENS DEVIATION VARIATION 
L SGA Eee ReeT en as 5 208-213 210+ .90 1.94+ .61 92+ .30 
_— 1 m1 | 212-244 229+ 190 | 7.29+ 61 | 3.18% 27 
Proximal width .................--...-----. { 8 26.2-29.4 a, eerreremeerners 
I 6 23.4-25.5 RR SSR Seperate 
a ; 66 22.3-26.2 A pereaernetces 
Length fibular crest .................... 6 43.3-47.0 i eee 
69 42.3-58.8 i 6=— (C=. aieeclnibainnoens 


































californianus ate probably the result of the 
small sample. 

The range of the length of the tarsometa- 
tarsus in californianus is included in the com- 
parable range in amplus (Table 13). How- 
ever, the sample of the Recent form is small; 
it is likely that it represents less than 70 per 
cent of the probable range of the whole pop- 
ulation. In no absolute measurement are all 
individuals of the two series separable. In 
every dimension the fossil bone averages 
larger, and these differences are highly sig- 
nificant (Table 15). The coefficient of vari- 
ation is greater in amplus for each of the 
three measurements, but this probably is a 
reflection of the small series for the modern 
condor. 

There were so few pedal elements avail- 
able for californianus that statistical analysis 
was not undertaken. The only statements 
that can be made regarding the phalanges of 


* First row of figures under each category pertains to californianus, the second row to amplus. 


the foot are that each phalanx is apparently 
longer in the fossil and that the coefficients 
of variation in amplus are of a magnitude 
similar to that found in most zoological 
series of Recent materials. The greater abso- 
lute lengths of the phalanges (as exemplified 
by those of digit III) in am plus were found 
to be the same relative length as in califor- 
nianus when their means were compared to 
mean total length of leg. 


SUMMARY 


In this study it has been found impossible 
to distinguish the two species, californianus 
and amplus, of the cathartid genus Gymno- 
gyps on the basis of any qualitative charac- 
ters in skeletal elements other than those of 
the skull. Further, it is not possible to seg- 
regate all individuals of the two species on 
the basis of absolute size of skeletal ele 
ments. In no measurement made in this 


TABLE 13 


MEASUREMENTS OF THE TARSOMETATARSUS (mm.)* 





































‘NO. 
SPEC- RANGE MEAN STANDARD COEFFICIENT 
IMENS DEVIATION VARIATION 
SII -scsccciaaiietaisdeisaenaieieaa f 6 113-117 114+ .71 Ls S31 1.54+ .44 
1 100 113-134 123+ .40 3.96 .28 3.22+ .23 
Sameter th "eer 6 25.5-28.0 26.6 .38 94+ .27 3.53 1.02 
ranaine Caen eae { 86 | 265-31.7 | 285+ .13 1.16+ 109 | 407+ 31 
Diameter through trochlea ........ 6 28.3-30.2 29.4 .31 wa: ae 2.55+ .74 
97 29.5-34.5 32.2% .17 1.64% .12 5.09 .37 









* First row of figures under each category pertains to californianus, the second row to amplus. 
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TABLE 14 
LENGTH OF PHALANGES 0 OF | Foor (mm.)* 
— : NO. a 
SPEC- RANGE MEAN STANDARD 
IMENS DEVIATION 
Dit 1, patio 1W................. re § 3 22.9-24.5 23. 6 
24 22.2-27.9 25.1 .28 
Digit II, phalanx 1  . 30.2-31.0 30.6 
tl 72 29.7-35.1 33.0 .16 
ghaleex 2 .................1§ 3 24.6-25.2 24.8 
1 49 | 24.8-29.9 27.34 .19 
Digit III, phalanx 1 .................. f 3 41.9-43.6 42.5 
1 72 40.8-48.0 43.6 .35 
ye CS f 3 30.0-31.3 30.8 
l 72 30.6-37.8 34.3 .17 
phalanx 3 .................. f 3 26.0-26.6 26.4 
tl 72 26.3-33.7 30.2 .19 
Digit IV, phalanx 1 .................. | § 3 23.0-24.0 23.4 
1 60 22.6-26.9 24.44 .13 
pole 2 ............ » 2 15.9 15.9 
l 10 16.5—18.7 7.7 2 
SN: Oo f 1 12.9 12.9 
6 13.0-14.5 13.8 .21 
IN A ccs econ i 2 16.3-16.4 16.4 
ee 18.2-18.9 18.6 
* First 1 row w of figures under each category pertains to californianus, the second row to amplus. 
TABLE 15 
RESULTS OF SIGNIFICANCE TESTS* 
: oe ee DIFF. IN 
MEANS DIFF. IN 
AND Pp MEANS 
VARI- ONLY 
ANCES 
Humeral length . SSSA ae 3.95 0.0001 5.88 
Proximal width humerus 6.27 .0001 6.96 
eae 9.88 .0001 7.66 
Proximal width humerus : humeral length... 10.17 .0001 6.75 
Length deltoid crest : humeral _— picker 9.87 .0001 7.67 
Ulnar length .~ A eee 2.04 05 3.20 
Proximal width ulna 5.72 .0001 5.94 
Distal width ulna ........ = 6.79 .0001 3.73 
Proximal width ulna : ulnar length... es 5.95 .0001 4.79 
Distal width ulna : ulnar esata cote 5.75 .0001 3.32 
Metacarpal length .. Pint OE PM Re ee 3.01 001 9.81 
Digit I of wing... Ss soschidiafinonnbiiecasioncvedbeeadionsesia 2.57 01 3.28 
Digit II, phalanx . “wing... Gshecaaclctenlkexesicbevcminceing 1.66 .09 4.21 
Digit II, phalanx 2, wing... . 7.64 .0001 14.14 
Digit II] of wing .............. 0.45 66 0.48 
...... .. >see 9.76 .0001 11.03 
Coracoid, depth of shaft........... 5.04 .0001 4.29 
_ eee 1.12 .24 1.13 
ies ine aindiai tacceeiiedbibiaiiell 6.62 .0001 6.67 
a aces atcinicdaxecnaain 8.86 .0001 8.36 
Proximal width of femur...............-...2.----.----- 9.99 .0001 9.59 
Distal width of femur..............--......-2-0-0-----0---- 9.27 .0001 9.43 
Tibiotarsal length .. SSeaceo ee akc a 5.59 .0001 14.94 
Tarsometatarsal length .. ame — 5.48 .0001 11.04 
Diameter through cotyla of tarsometatarsus.. 3.78 .0001 4.73 
Diameter through trochlea of tarsometatarsus........ 4.07 0.0001 7.92 





























COEF FICIENT 
VARIATION 





0.0001 
0001 
0001 
-0001 
.0001 
001 
.0001 
.001 
.0001 
OOL 
.0001 
001 
.0001 
-0001 
63 
0001 
0001 
23 
0001 
0001 
0001 
.0001 
.0001 
.0001 
.0001 

0. 0001 





bd Formula 1 ( 
to test for signi cant differences in the means. 


- 228) was used for the test of difference in both means and variances, and Formula 2 (p. 228) was used 
h Specific values are given only for those probabilities of a magnitude greater 
than 1 in 10,000. All others are simply listed as less than 1 in 10,000. 
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study is there a gap between ranges of com- 
parable measurements that would make this 
segregation feasible. In all elements where 
there is a difference in average size, am plus 
is the larger, except for the distal widths of 
the ulna and tibiotarsus. Extremely large 
or small specimens can be allocated in most 
instances to amplus and californianus, te- 
spectively. 

Ratios designed to show the proportions 
of the bones cannot be used as a means of 
differentiation for individual bones. In gen- 
eral, the bones are sturdier in the fossil form, 
but the ranges of comparable ratios in the 
two series consistently overlap. 

Despite this inability to separate the two 
series, the significance tests made on the 
means of 34 different measurements and 
ratios demonstrate conclusively that we are 
dealing with two distinct forms which, in 
most measurements, have significantly dif- 


TABLE 16 
RESULTS OF SIGNIFICANCE (t) TEsTS ON MEANS 


t P 
2.84 <.02 
>.02 
<.02 
>.02 
>.10 
>.10 
>.02 
>.10 


Sternal length 
Keel length 
Keel height 
Keel, anterior width 
Keel length: total length 
Keel height : keel length 
Width scapular blade 
Spread of furculum 











ferent means. Only 5 of the 34 tests failed 
to indicate significant differences between 
the means and the two populations repre- 
sented by them. These 5 tests were on length 
of digit III of the wing, furcular spread, and 
two ratios on sternal proportions. However, 
the significance test on both the means and 
variances shows also that length of ulna, 
length of digit I of wing, and length of 
phalanx 1 of digit II are not significantly 
different. 

Gymnogyps amplus was found to be no 
more variable than G. californianus. The co- 
efficient of variation was calculated for 33 
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identical measurements and ratios in each 
species. In 18 ratios and measurements the 
V was greater in californianus than in 
am plus; in 15 instances the reverse was true, 
The mean V for am plus was 3.56 and that 
for californianus was 4.30. The relatively 
small samples of several elements for calj- 
fornianus in all probability reduced the co- 
efficient of variation disproportionately in 
this species, although the V for two ¢le- 
ments was abnormally high. In one series 
(phalanges of the foot) where it seemed im- 
practical to calculate the coefficient of varia- 
tion for californianus, all the coefficients in 
the large series for amplus were similar to 
those usually found in zoological series. 
Because coefficients of variation of linear 
measurements and of ratios are not com- 
parable, the Vs were separated. In the 
Recent species the average V for linear 
measurements was 4.00, compared to 3.69 
for the fossil. The Vs for the ratios were 
5.45 for californianus and 2.98 for amplus. 
To make the comparison even more reliable, 
only those pairs of Vs based on samples of 
10 or more linear measurements were in- 
cluded in the last examination of these co- 
efficients; the average V was 4.32 in cali- 
fornianus and 3.78 in amplus. Further, in 
only three of the pairs in this analysis was 
the V higher in the Pleistocene species 
Therefore, for Gymnogyps at least, Pleisto- 
cene and Recent species show no major dif- 
ferences in total variability. 
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The Mechanics of the Explosive 


Eruption of Kilauea in 1924 


R. H. Fincn?! 


KILAUEA VOLCANO staged explosive erup- 
tions in May, 1924, after having exhibited 
molten lava almost continuously for more 
than 100 years. The explosions occurred 
during a time of rapid retreat of the lava 
column in Halemaumau (the active vent in 
Kilauea caldera), of a general sinking of the 
mountain top, and of enlargement of Hale- 
maumau by engulfment from a diameter of 
1,500 feet to 3,000 feet. Detailed accounts 
of the explosions have been published in 
several journals (Jaggar, 1924: 30-37; Jag- 
gat and Finch, 1924: 353). 

The explosive eruptions in 1924 did not 
establish a precedent for Kilauea, as the sur- 
face ash deposits indicate eight or nine quite 
recent explosive periods (Finch, 1924: 1) 
and there are at least two ash beds in the 
walls of Kilauea caldera. The material in 
the surface ash beds indicates that the bulk 
of the ash was produced by a series of mag- 
matic explosions (Wentworth, 1938: 101). 
The last explosive eruption of Kilauea prior 
to 1924 was about 1790. Though the ma- 
terial thrown out in 1790 was largely acces- 
sory, the presence of bombs had led to the 
assumption that all Kilauea explosions were 
magmatic. 


In 1924 the lack of juvenile material was 
hot especially conspicuous during the first 


*Volcanologist, Hawaiian Volcano Observa- 
tory, Hawaii National Park. Published by per- 
mission of the Director, National Park Service, 
Department of Interior. Manuscript received May 
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few explosions, since a large part of the 
ejected blocks as well as sand and dust were 
red-hot when they left the Halemaumau rim. 
The large proportion of hot rock was not 
surprising, as shortly before the explosions 
Halemaumau had contained a lava lake 
1,500 feet in diameter and the conduit was 
filled to an unknown depth with hot material 
except for a surface layer of landslide ma- 
terial, some of which was hot when it fell. 
In the beginning of the explosive period, 
members of the Observatory wore gas masks 
when making investigations, but it was soon 
found that none of the usual volcanic gases 
was present in an appreciable amount. A 
careful examination failed to find any juven- 
ile material in the explosion debris. Some- 
what reluctantly, then, we were forced to 
acknowledge that we were dealing with 
phreatic explosions. 

Jaggar (1924: 35) has presented some of 
the evidence pointing to the conclusion that 
the 1924 explosions were due to steam and 
suggested that a talus plug might act as a 
seal in promoting a build-up of pressure. 
The pressure required to produce explosions 
of the magnitude observed was considerable 
—a 14-ton block landed on the Halemau- 
mau rim over 1,300 feet above the bottom, 
and an 8-ton one was hurled a distance of 
3,500 feet. The depth from which these 
blocks came and the duration of their accele- 
ration (length of the ‘‘gun barrel”) is not 
known. The pressure required to make an 
appreciable showing in the bottom of Hale- 
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maumau had to exceed the pressure of the 
talus plug above the seat of the explosions. 
If the explosions took place 500 feet above 
sea level, that would mean that they occurred 
about 1,900 feet below the bottom of Hale- 
maumau. The pressure of 1,900 feet of talus 
material with a specific gravity of 2.0 would 
be about 1,600 pounds per square inch. 

To produce the explosions there must have 
been either a gradual build-up of pressure 
or a rapid generation of the same. If the 
pressure build-up were gradual, then an ef- 
fective seal was required. A seal made up of 
talus blocks even with an appreciable per- 
centage of dust would appear to be inade- 
quate. There were no indications of fusing 
or cementing of the talus plug, and because 
the plug developed above the retreating lava 
column, there was no molten lava to fill in 
the voids between the blocks and help de- 
velop a seal. A slow build-up of pressure 
would necessarily limit the amount of water 
available for any one explosion. The pres- 
sure build-up would soon prevent the 
further entry of water. A rapid generation 
of steam pressure, as in a “flash boiler,” 
would appear to be the most plausible ex- 
planation of the explosions. Any explana- 
tion of the explosions must consider the 
periods of quiet between explosion and 
series of explosive bursts (Jaggar, 1924: 
44), often less than a minute apart. 

The rapid sinking of the lava column 
from a depth below the Halemaumau rim of 
about 500 feet on May 1 to a depth exceed- 
ing 1,300 feet in the middle of the explo- 
sive period, as well as the increase in diam- 
eter of the crater from 1,500 to 3,000 feet 
just prior to and during the explosions, indi- 
cates a progressive rupturing of the conduit 
walls. A common interval between the ex- 
plosions was 6 to 8 hours. Finch (1943: 
1-3) has suggested that intermittent ruptur- 
ing of the conduit walls and the resulting in- 
troduction of water may have been influ- 
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enced by surging in the retreating Jay 
column. 

The lack of chlorides in the material ejected 
indicates that the steam came from fresh 
ground water. Stearns (1946: 44) has Sug: 
gested that the explosions may have been 
caused by ground water trapped between 
dikes at relatively high levels. G. A. Macdon. 
ald of the U. S. Geological Survey has sug. 
gested (oral statement, 1943) that ground 
water confined between dikes may stand as 
much as 1,500 feet above sea level in the vic- 
nity of Kilauea caldera. The lag in time, 
often 2 or 3 minutes, between the premoni- 
tory symptoms of an explosion as shown by 
peculiar earthquakes both recorded and felt 
and the appearance of the explosion cloud in 
Halemaumau indicates that the seat of the 
explosions may well have been but compara- 
tively little above sea level—say, 500 feet. Es- 
timates of the depth of engulfment (Jaggar, 
1924: 118) make 500 feet above sea level 
seem a more probable seat of the explosions 
than 1,500 feet. The relation between the 
amount of material engulfed and the diam 
eter of the conduit indicated a withdrawal 
to at least 300 feet below sea level. With 
the greater depth, more and larger trapped 
pockets of water might be expected. At or 
slightly above sea level the large body of 
basal ground water would be available 
However, some of the first small explosions 
may have been due to water trapped about 
as high as Macdonald suggests. The retreat 
of the lava column and progressive engulf- 
ment indicate the possibility of a consider 
able vertical range in the seat of the explo 
sions. 

Collapsing in Halemaumau and harmoni 
tremor (Finch, 1943: 1-2) indicated that 
there was a retreat of the live ‘eva column 
both before and during the explosions. A 
retreat of the lava column would leave the 
conduit walls and much of the materi 
within at a temperature of about 1700° F 
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Explosive Eruption of Kilauea in 1924—FINCH 


Jaggat (1924: 59) suggested that shatter- 
ing during engulfment may have allowed 
ground water to gain access to red-hot intru- 
sive bodies and have caused some of the 
explosions. 

The withdrawal of the lava and sudden 
rupturing of the conduit walls provided a 
means whereby water could suddenly gain 
access to the hot volcano system and set up 
a “flash boiler’’ mechanism. Next comes the 
question as to the possibility of suddenly in- 
jecting a sufficient quantity of water to pro- 
duce the explosions. The Olaa well (Dun- 
can, 1942) with a drawdown of 8 feet by 
continuous pumping showed an inflow of 
80 gallons a second. If a void with the same 
capacity as that of the sump below the water 
surface were suddenly created, the amount 
of water rushing in during the first half 
second, say, might well be several times that 
of any half second after pumping had been 
in progress for some time. Likewise the dis- 
charge from water trapped in a dike com- 
partment, when the wall separating it from 
a volcano conduit is suddenly ruptured, 
might greatly exceed that of the next half 
second. A considerable vertical range in the 
shattered conduit would speed up the inflow 
of water, for the velocity of inflow varies 
roughly as the square root of the depth below 
the surface of the water table. 

The potency of volcanic heat in producing 
steam blasts, when the conditions that keep 
water out of the system are upset or dis- 
turbed, is easily understandable. A cubic 
foot of water at a pressure of 1 atmosphere 
and a temperature of 1700° F. would yield 
over 5,000 cu. ft. of steam, or with a con- 
stant volume would produce a pressure of 
80,000 Ib. per sq. in. It should be noted, 
however, that only a small part of the heat 
of the rock would be available for any one 
explosion. The available heat in a ‘“‘flash 
boiler” system would be limited to a surface 
layer about 1 inch thick. 
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With the temperature of the rock known 
(about 1700° F.), by assuming some surface 
area it is easy to compute the available heat 
and then calculate the amount of water that 
could suddenly be converted to high-pressure 
steam. Suppose that an explosion were ini- 
tiated by the formation of a crack where the 
hot portion of the wall separating the con- 
duit from trapped ground water was 30 ft. 
thick. The surface of the hot rock in the 
walls of such a crack if 5 to 10 ft. wide and 
70 ft. high, together with fragmental mate- 
rial within the crack, could easily exceed 
6,000 sq. ft. This surface area and a thick- 
ness of 1% inch would give a volume of 62.5 
cu. ft. With a specific gravity of 2.5, such a 
volume of rock would weigh about 10,000 
lb. The number of available B.T.U. above 
212° F. in 10,000 Ib. of basalt with an ini- 
tial temperature of 1700° F., if we assume 
the specific heat is 0.30, is 4,470,000. Tak- 
ing the final temperature of the boiler sys- 
tem as 900° F.—on several occasions the 
dust of the explosion was observed to glow 
as it cleared the crater rim—the pressure 
generated could exceed 40,000 Ib. per sq. in. 
This is many times the minimum require- 
ment mentioned above. The temperature of 
the steam as it was produced may have been 
above 900° F., with a resulting greater pres- 
sure. 

After the explosion pressure had dissipated 
in the case outlined above, another injection 
of water could’ produce another explosion in 
the same place. Progressive shattering of the 
conduit wall in either a vertical or horizon- 
tal direction could account for the series of 
explosion bursts that were noted on several 
occasions. The rocks of each explosion were 
largely confined to one sector of the ground 
around Halemaumau. All sectors were event- 
ually covered with explosion debris. This 
fact would indicate that the shattering was 
more or less piecemeal, first on one side of 
the pit, then on another. The amount of 
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condensation of water vapor in the explosion 
clouds was never striking. The explosions 
must have been produced by relatively small 
amounts of steam. 

The explosions would cease with the ces- 
sation of rupturing of the conduit walls. The 
cessation in 1924 may have been due to the 
lava column’s becoming stationary. There is 
also the possibility that the conduit walls be- 
come structurally stronger at the level of the 
Ghyben-Herzberg ground-water lens, which 
is assumed to be about 32 feet above sea level 
in the vicinity of Kilauea. 

The above calculations are not intended to 
indicate actual dimensions and volumes, but 
rather to show that a small rock surface and 
a small volume of water would suffice to ac- 
count for any of the 1924 explosions. 
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Ghost Prawns (Sub-Family Luciferinae) in Hawaii 


RosBert W. Hiatt? 


SPECIMENS OF THE ghost prawn, Luctfer 
faxonii Borradaile, have been found to con- 
stitute a significant item of the diet of the 
local baitfish ‘“‘nehu,”” Anchoviella purpurea 
(Fowler). The prawn was especially abun- 
dant in nehu taken from the Ala Wai Canal 
in Honolulu and less abundant in nehu 
caught in a fish pond supplied with tidal 
water from the West Loch of Pearl Harbor. 
Plankton tows subsequently made in these 
localities showed the prawn to be very abun- 
dant in the Ala Wai Canal from January 
to August and to be less abundant during 
this period in Pearl Harbor. Plankton tows 
also disclosed the presence of very small 
numbers of this species (8 specimens in 
6,700 gallons of water strained in June) in 
fish ponds on the leeward shore of the island 
of Molokai. 

These findings represent the first records 
for this species in the Hawaiian Archipelago 
and the first record for the sub-family Luci- 
ferinae since Bate (1888: 468) cited Hawaii 
as a locality in which L. typus H. Milne- 
Edwards (=L. reynaudii Bate) was col- 
lected by members of the “Challenger” Ex- 
pedition. The name reynaudii applied to the 
Hawaiian specimens by Bate has been con- 
signed by Hansen (1919: 49), with some 
reservation, to the synonomy of L. typus H. 
Milne-Edwards because these specimens fall 
within the known range of variation for the 
latter species. Thus, it is probable that two 
of the six recognized species of this ano- 
malous and widely distributed group reside 
in Hawaiian waters. 

*Department of Zoology and Entomology, Uni- 
rel of Hawaii. Manuscript received February 
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Only two other authenticated records, one 
for each species mentioned above, are known 
for the Central Pacific area. Edmondson 
(1923: 35) collected two specimens which 
he designated as L. reynaudii H. Milne- 
Edwards from surface tows in the lagoon 
at Fanning Island, about 1,400 miles south 
of Oahu. Upon re-examining the speci- 
mens, Edmondson (1925: 5) corrected his 
earlier identification, and referred them to 
L. faxonii Borradaile. These specimens have 
been rechecked recently and compared to the 
specimens taken in the Ala Wai Canal, and 
are undoubtedly faxonii. All the known 
records for this species in the Central Pacific 
were of specimens collected from waters 
less saline than ocean water, and those for 
Hawaii were obtained from specimens col- 
lected from brackish, estuarine localities. 
However, records elsewhere (Hansen, 1919: 
63) indicate that this species is pelagic as 
well as an inshore inhabitant. L. faxonii is 
widespread in the waters about the Nether- 
lands Indies and the West Indies, and in the 
middle Atlantic from latitude 33° N. to 
latitude 23° S. 

L. typus (= L. reynaudii Bate) was taken 
in Hawaii at an undisclosed location by mem- 
bers of the “Challenger” Expedition, and 
Edmondson (Joc. cit.) collected 1 male and 
10 female specimens in a surface tow at night 
a few miles southwest of Wake Island, about 
2,000 miles west and north of Oahu. These 
specimens have been checked and the male 
is undoubtedly typus, as evidenced by the 
long eyestalks, the position of the posterior 
margin of the large ventral protuberance on 
the telson, and the character of the petasma. 
However, all the females are immature; 
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none has spines on the sixth abdominal seg- 
ment, nor is the protuberance present on the 
telson. Thus, it is impossible to determine 
definitely whether they belong to L. orien- 
talis Hansen or to L. typus. Since they were 
taken in the same tow with the male speci- 
men identified as typus, it is probable that 
they are conspecific. The distribution of 
typus in the Pacific and Indian Oceans is 
confused since orientalis and typus, both 
long eyestalked species, were not separated 
until 1919 (Hansen, op. cit.). Thus, all 
records of long eyestalked species in these 
ocean areas prior to 1919 must be discarded 
as without specific value. L. typus is very 
abundant in the Atlantic from latitude 34° 
N. to latitude 40° S., and has been found in 
the Pacific and Indian Oceans near the 
Philippines, the South China Sea, the Bay 
of Bengal, and the Netherlands Indies, as 
well as at Wake Island and the Hawaiian 
Islands. This species, so far as is known, is 
not found inshore or in brackish water. 

The known Hawaiian species may be sep- 
arated by the following key: 


A. Distance between the labrum and the in- 
sertion of the eyestalks somewhat or only 
a little longer than the eyestalks with 
eyes (the basal short joint of the stalks 
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included). In the male, the terminal 
portion of the petasma moderately 
thick, and the processus ventralis shaped 
as a somewhat broad plate... 

scsi neeeseniniainnegenniniindal L. typus H. M.-Edw. 


B. Distance between the labrum and the in- 
sertion of the eyestalks more than twice 
as long as the eyestalks with eyes. In the 
male, the terminal portion of the petasma 
tapers gradually from the base to the 
acute end, and the processus ventralis is 
needle-like, tapering to the very acute 
i iccencensiihtstnsicanittainica L. faxonii Borrad. 
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A Manilkara Found on Oahu, Hawaii 
Marie C. NEAL! 


AMONG HIS STUDIES of the Sapotaceae, Dr. 
H. J. Lam has made at least two references 
to a species of Manilkara found on Oahu, 
Hawaii. In one reference (Buitenzorg Jard. 
Bot. Bul., Ser. III, 7: 241, 1925) he pub- 
lished the description of it as a new species, 
M. emarginata H. J. Lam, without illustra- 
tion. In another reference (Blumea, 4: 342, 
1941) he repeated the description, includ- 
ing it with descriptions of 14 other species, 
and listing it as one of three incompletely 
known, as flowers were lacking. In the first 
reference, Dr. Lam states: “I discovered in 
the collections of the Buitenzorg Herbarium 
a specimen from Oahu, Sandwich Islands, 
which seems to belong to this genus [ Manil- 
tara} and seems worthy to be described 
here.” The type specimen was in fruit, and 
it was collected by H. M. Curran, a forester 
of Manila, in April, 1911. But contrary to 
Dr. Lam’s belief, this specimen evidently 
was not collected from a native tree of Oahu, 
but was probably taken from an introduced, 
cultivated tree in a public garden on Oahu 
that is noted for its varied collection of in- 
troduced trees. No native species of Manil- 
Lara is known in Hawaii. 

Recently I rediscovered this species, and 
very likely the same tree, in Foster Gardens, 
Honolulu, Oahu, on February 11, 1947, 
when it was bearing both flowers and fruit. 
It was called to my attention by Mr. Gordon 
Pearsall, who wished to have it identified. 
Itisa single tree, seemingly the original in- 
troduction and only specimen in Hawaii. It 
s about 8 meters high, with a spread of 15 
meters at the crown; the diameter of the 
trunk is about 50 cm. near the base, where 
‘few large branches rise at angles of about 


‘Botanist, Bernice P. Bishop Museum, Hono- 
lulu. Manuscript received April 9, 1947. 





45°. The bark of trunk and lower branches 
is gray and rough, and is deeply and regu- 
larly furrowed. The upper branches are 
nearly smooth and bear numerous branch- 
lets or twigs. As each twig tip bears a clus- 
ter of leaves about 5 to 15 cm. long, the leafy 
canopy is dense. The leaves are shiny, dull 
green above, lighter beneath, oval to obovate, 
emarginate. The sap of the tree is milky. The 
comparatively thick, yellowish, white-milky 
pulp of the small, brown, one-seeded fruit 
has a pleasing sweetish flavor. 

So far as leaves and fruit are concerned, 
the only parts of the tree available to Lam, 
this tree fits well into his description of M. 
emarginata. As many of the plants in Foster 
Gardens were brought from different parts 
of the world, especially from the Far East, 
Malaya, and Malaysia, and records were not 
always preserved, it has not been possible to 
locate the home of each plant. As this 
Manilkara is well grown, it may have been 
collected as a seed in 1865-1866 by the 
botanist Dr. William Hillebrand, who at 
that time collected plants in and near Hong 
Kong and in Java. Or it may have been 
brought by some later collector. 

The genus includes about 74 species, ac- 
cording to Dr. Lam, known from Central 
America, Africa, Asia, and islands of the 
Pacific. M. emarginata is said by Lam to be 
related, apparently, to M. kauki (L.) Dub., 
the distribution of which is southeastern 
Asia, Malaysia, the Philippines, and north- 
ern Australia. But analysis of the flowers in- 
dicates a much closer relationship to M. hex- 
andra (Roxb.) Dub., distributed in central 
India, Ceylon, Siam, Indo-China, and 
Hainan. The possibility is thus suggested 
that one or more of these regions is the home 
of M. emarginata. In fact, the descriptions 
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of these two species agree so nearly that I 
recommend reducing M. emarginata to a 
synonym of M. hexandra, although M. hex- 
andra is described as having slightly longer 
petal appendages and styles, and slightly 
shorter petals and fruit than M. emarginata. 
The somewhat variable leaves of both species 
are similar in shape and size and minute re- 
ticulations (see Blumea, 4: 332, 340, and 
Fig. 5, 1941). 

To supplement Dr. Lam’s original de- 
scription of M. emarginata, here reduced to 
a synonym of M. hexandra, 1 figure a leaf, 
flower, and fruit (Fig. 1). I describe the 
flower, which was not seen by him, as fol- 
lows: 


Commonly 3 (1+) flowers develop at leaf axils 
on pedicels that are green and scaly and about 
1 cm. long. The 6 sepals are in 2 rows, reddish 
brown, deltoid, reflexed in fruit. The 3 outer 
sepals are 3 mm. long, thick, smooth within, cov- 
ered outside with tan scales, and edged with fine 
tomentum. The 3 inner sepals are thinner, 
smaller, and narrower than the outer ones, smooth 
within, covered outside and edged with fine to- 
mentum. The corolla is smooth, with tube 0.75+ 





Fic. 1. Manilkara hexandra. A, \eaf; B, flower and bud; C, part of corolla, outside: 3 petals and 
3 pairs of appendages; D, 1 petal, 2 pairs of appendages, with pistil; E, part of corolla, inside: petal, 
1 pair of appendages, 1 stamen, 2 staminodes; F, pistil, from side and in cross section; G, fruit, seed 


from side and front. 
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mm. long. The 6 petals are thin, light brows 
tinted when dry, narrow oblong, 4 mm. long, the 
edges revolute, each petal accompanied by 2 ovate 
appendages nearly equaling it. Stamens 6; filz. 
ments nearly 3 mm. long, widest at base and 
tapering to narrow tip; anthers nearly 2 mm. long: 
staminodes 6, rounded, edged commonly with 2 or 
3 teeth, which may or may not have long-tailed 
tips. Ovary 1 mm. high, tomentose, 10-celled: 
disk smooth, nearly 1 mm. high; style 3.7 mm, 
long, smooth: stigma a cleft disk, slightly wider 
than the style tip. 

The discovery of this tree in Foster Gar. 
dens and its identification with a species of 
the Eastern Hemisphere has a further sig- 
nificance. Other specimens collected by H. 
M. Curran on Oahu in April, 1911, and dis- 
tributed to some herbaria may also have come 
from Foster Gardens. This may be true of 
a Vitex collected by Curran and described 
by Lam as V. hawaiiensis H. J. Lam (Buiten- 
zorg Jard. Bot. Bul., Ser. Ill, 3: 59-60, 
1921). Later (idem, 5:175, 1922), Lam 
withdrew this name and stated that he be- 
lieved the plant to be a Mexican species, 
V. mollis Kunth. 
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NOTES 


Opportunities for Financing of Research in the Pacific 
Under the Fulbright Act 


MILLIONS OF DOLLARS will become available in 
1948 that could be used for financing scientific re- 
search in Australia, New Zealand, the Dutch East 
Indies, French Oceania, and other Pacific and 
Asiatic countries under the terms of the Fulbright 
Act passed by the 79th Congress. These funds 
derive from income to the United States govern- 
ment through the disposal of surplus property to 
the nations involved. Grants to qualified applicants 
are to be made by a Board of Foreign Scholarships 
which, it is expected, will be in operation in 
Washington, D. C., by January, 1948. 

The legislation covering this program is found 
in Public Law 584, 79th Congress, approved 
August 1, 1946, which amends the Surplus Prop- 
erty Act of 1944 to designate the Department of 
State as the disposal agency for surplus property 
outside the continental United States, its terri- 
tories and possessions. Pertinent passages from 
this Act follow: 

“In carrying out the provisions of this section, 
the Secretary of State is hereby authorized to 
enter into an executive agreement or agreements 
with any foreign government for the use of cur- 
tencies, or credits for currencies, of such govern- 
ment acquired as a result of such surplus property 
disposals, for the purpose of providing, by the 
formation of foundations or otherwise, for (A) 
financing studies, research, instruction, and other 
educational activities of or for American citizens 
in schools and institutions of higher learning 
located in such foreign country, or of the citizens 
of such foreign country in American schools and 
institutions of higher learning located outside the 
continental United States, Hawaii, Alaska (in- 
cluding the Aleutian Islands), Puerto Rico, and 
the Virgin Islands, including payment for trans- 
portation, tuition, maintenance, and other expenses 
incident to scholastic activities; or (B) furnishing 
transportation for citizens of such foreign coun- 
tty who desire to attend American schools and 
institutions of higher learning in the continental 
United States, Hawaii, Alaska (including the 
Aleutian Islands), Puerto Rico, and the Virgin 
Islands, and whose attendance will not deprive 
citizens of the United States of an opportunity to 
attend such schools and institutions: Provided, 
however, That no such agreement or agreements 
shall provide for the use of an aggregate amount 
of the currencies, or credits for currencies, of any 


one country in excess of $20,000,000 or for the 
expenditure of the currencies, or credits for cur- 
rencies, of any one foreign country in excess of 
$1,000,000 annually at the official rate of ex- 
change for such currencies, unless otherwise 
authorized by Congress, nor shall any such agree- 
ment relate to any subject other than the use and 
expenditure of such currencies or credits for cur- 
rencies for the purposes herein set forth: Provided 
further, That for the purpose of selecting students 
and educational institutions qualified to partici- 
pate in this program, and to supervise the ex- 
change program authorized herein, the President 
of the United States is hereby authorized to ap- 
point a Board of Foreign Scholarships, consisting 
of ten members, who shall serve without compen- 
sation, composed of representatives of cultural, 
educational, student and war veterans groups, and 
including representatives of the United States 
Office of Education, the United States Veterans’ 
Administration, State educational institutions, and 
privately endowed educational institutions: And 
Provided further, That in the selection of Ameri- 
can citizens for study in foreign countries under 
this paragraph preference shall be given to appli- 
cants who shall have served in the military or 
naval forces of the United States during World 
War I or World War II, and due consideration 
shall be given to applicants from all geographical 
areas of the United States.” 

Amounts available under the Act in Pacific coun- 
tries, according to a State Department release of 
July 17, are as follows, for a 20-year period: Aus- 
tralia, $5,000,000; France, $5,000,000; Netherlands 
Indies, $7,000,000; New Zealand, $2,300,000; 
Siam, $4,000,000: United Kingdom, $20,000,000; 
Burma, $3,000,000; Philippines, $2,000,000; and 
China, $20,000,000. 

Members of the Board, announced by the White 
House in July, are: General Omar Bradley, Vet- 
erans Administration; John W. Studebaker, U. S. 
Commissioner of Education; Francis Spaulding, 
New York Commissioner of Education; Helen C. 
White, University of Wisconsin; Lawrence Dug- 
gan, Institute of International Education; Ernest 
Lawrence, University of California; Sarah Bland- 
ing, Vassar College; Walter Johnson, University 
of Chicago; Charles Johnson, Fiske University; 
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and Martin P. McGuire, Catholic University of 
America. 

Interesting comments upon the opportunities 
under the Act appear in a personal letter written 
to Senator Fulbright on March 10, 1947, by 
Harold J. Coolidge, executive secretary of the 
Pacific Science Board, National Research Council. 
His remarks follow: 

“The more I study your bill, the more I become 
convinced that Public Law 584 of the 79th Con- 
gress can open a new chapter in the field of inter- 
national scientific relations. 

“As you know, we are faced in this country 
with large numbers of young scientists, many of 
whom are keen to undertake fundamental re- 
search which can best be carried out in a foreign 
country. To such students the possibility of work- 
ing on ecological problems in New Guinea or 
zoogeography where Wallace did his field work 
represents nothing more than a naturalist’s dream, 
far from any hope of realization. In many fields 
of science, fundamental research came to a stand- 
still during the war, for obvious reasons. 

“I feel that there are two important kinds of 
help required to enable the qualified student to 
engage in field research. First, the assurance of a 
friendly reception and extension of certain facili- 
ties by the government of the foreign country 
concerned. This is a matter that can usually be 
arranged with the assistance of the State Depart- 
ment, and should not present great difficulties for 
Americans in most countries in the post-war 
world. Secondly, the highly difficult problem of 
finding funds to finance travel and field or labora- 
tory research in the foreign country where the 
research is to be undertaken. 

“The Fulbright Bill makes it possible through 
the Board of Foreign Scholarships, with the assist- 
ance of the State Department, to solve this serious 
problem in a way that should not only greatly 
benefit the student, as well as the foreign country 
involved, but should likewise assure the possibility 
of great strides in the advancement of fundamen- 
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tal scientific knowledge and the training of com. 
petent men, particularly in the fields of the ngt. 
ural and related social sciences. 





“You may remember my discussing with yoy 
fellowship needs in the Pacific Area. The Pacifc 
Science Conference which met in Washington last 
June recommended that ‘the continuing organiza. 
tion [Pacific Science Board} arrange for research 
fellowships at varying financial grades for compe. 
tent graduate students, and for grants-in-aid t 
established scholars, including local inhabitants 
in the several fields of science involved, as a part 
of the mechanics of staffing research.’ . . . 

“Instead of the implementation of this recom- 
mendation being a distant vision, it now looks as 
if it might be made a firm reality through pro. 
posed operations under the provisions of your 
Bill. It is to be sincerely hoped that the money 
for use of fellowships under this Bill will not be 
diverted to bricks and mortar, or, as sometimes 
rumored, to the meeting of government expenses 
in foreign countries not directly related to the 
basic purposes of the splendid and far-reaching 
program which you had in mind. 

“It is also hoped that the money being spent by 
industrial firms on applied science, particularly 
scientific technology, will not reduce the oppor- 
tunity that awaits many hundreds of other Amer- 
ican scientists in foreign fields, and that can only 
be opened to them by those who administer the 
funds made available for ‘studies, research, and 
other educational purposes’ under the Fulbright 
Bill. 

“I sincerely hope that provisions will be made 
to ensure the participation of well-known scien- 
tists on your Board of Foreign Scholarships. 

“Once more I wish to congratulate you on the 
importance to international science and educa- 
tion of Public Law 584.” 

Senator Fulbright, in acknowledging this letter 
on March 13, said, in part: “I am in accord with 
your views about the possibilities of the bill 
which I introduced.” 


Editor’s Comments 


COMMENT FROM READERS has been aroused by the 
section from Utinomi’s bibliography on Micro- 
nesia printed in the July issue. Favorable remarks 
have been made concerning the value of these 
items to scientists now becoming interested in these 
new American island possessions in the Pacific. 
Readers have likewise raised the question, “How 
was it possible to print both Japanese and Euro- 
pean languages side by side in the journal?” .. . 
Frankly, the task of reproducing all these char- 
acters on the printed page was an exacting typo- 
graphic problem, which could not have been solved 


without the energetic aid of the printers. The 
services of two composing shops were needed, one 
to set up the Japanese and Chinese ideographs, 
and one to set up the translations and other pas- 
sages in roman characters. A reproduction proot 
of all the ideographs was taken. Then, as the 
roman matter was set up, the English compositor 
had to leave proper space for each of the several 
hundred oriental passages to be inserted. Page 
proofs of the roman passages were made, and the 
ideographs were then pasted, one after another, 
in the vacant spaces. Finally, full-page line cuts 
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NOTES 


of each of the eighteen pages of mixed matter 
were photographed and etched, and printed by 
letterpress along with the rest of the issue. Verily, 
, tedious and time-consuming process! ... A 
request has been made from Washington that the 
january paper by Macdonald, Shepard, and Cox 
entitled “The Tsunami of April 1, 1946, in the 
Hawaiian Islands” be reprinted in the Annual 
Report of the Smithsonian Institution. This illus- 
trated “tidal wave’ study has aroused wide in- 
terest, and the results are obviously of national 
importance. . . . Most of the Paciric SCIENCE 
papers appearing in 1946 are still available in 
separate reprint form, and individual copies of 
any previous article may be obtained free of charge 
by writing to the Office of Publications and Pub- 
licty, University of Hawaii, Honolulu 10, Hawaii. 
_.. As PaciFic SCIENCE completes herewith its 
frst year of publication, subscriptions are being 
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received from many parts of the world, along with 
comments indicating that the journal is fulfilling 
a special need by publishing research papers deal- 
ing with the biological and physical sciences in the 
Pacific Area. Charter subscribers should now re- 
new the journal for the year 1948. . . . Dr. A. 
Grove Day, under whose direction as Editor-in- 
Chief PAciFiIc SCIENCE was designed, inaugurated, 
and published for the past year, will return to his 
own teaching and research at the University of 
Hawaii after the current issue is printed... . The 
new editorial staff of the journal will consist of 
the following men: Dr. Leonard D. Tuthill of 
the Department of Zoology and Entomology, as 
Editor-in-Chief; Dr. O. A. Bushnell of the Depart- 
ment of Bacteriology, as Assistant Editor; and 
Thomas Nickcison, University Publications Edi- 
tor, as Managing Editor. 
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